:bl nmiUHDL£ COPY 



PCX 



WORLD INmXCCTUAL PROPERTY 0&CAhaZATK>N 
inteniiQoital Boittu 




INTERNATIONAL APPUCATION PUBUShED UNDER THE PATEOT COOPERATION TREATY (PCI) 



(51) intenmtionnl Patent CiMriftfation ^ : 

C12N lS/56, 9/24, A61K 38/47, C12N 
5/08, CUQ 1/68, C12N A61K tiAM), 
7AH), 7/28, A23K C07K 16M0, 
COIN 33/573 



A2 



ai) IntenatkffBl Puh&atm Kumbtr: WO 96/40940 

(43) InterafltiOBol PobllGalion Date: 19 Docembcr 1996 (19.12.96) 



(21) Intcnutioiial AppUcalka Nuznber: PC17NL96/00225 
(23) lAternatioiinl Filing Date: 6 Juno 1996 (06j06.96) 



(30) Priority Data: 
08/486.839 



7 June 1995 (07.06.95) 



US 



(71) Applicant (for ail detignated States uetpt VSh tINIVCR- 

STTETT VAN AMSTBtOAM (NUNL]; Spui 21, NI^1012 
WX Amstexdsm (NL). 

(72) Inventor; and 

(7^ bivcntox/AppfiuBt O&r VS only): AERTS, Johannes, Maxia. 
PranciscaSv (jctardus [NL/NL]; Sandber^Rnat 3, NL-1391 
£J Abcoudc (NL). 

(74) Agent: SMULDERS. Tit* A^ H., Vetccnlgdc Octrooibu- 
rcaux, Nieuwe Piriclaan 97, NI^2587 BN Tlie Hague (NL). 



(81) Dcdgnated States: AL, AM, AT, AU, AZ, BB, BG, BR. BY. 
CA, CH, CZ, DE, DK, EE, ES. FI, GB, GB. HU. m 
IS. JP. KE, KG. KP. KR, KZ. LK. LR, IS, LT, LU. LV, 
MD, MO, MK, MN, MW, MX, NO, N2, Pl^ FT, RO. RU. 
SD, SE, 5G, SI, SK, TX, TM, TR, TT, UA, UG. US, UZ, 
VN, ARIPO pant (KE, LS. MW, SD, SZ, UGX Eurasuii 
patent CAM. AZ» BY, KG. KZ. MD. RU, TT. TMX European 
patent (AT, BE, CH, DlC ES, PL PR, GB, OR, IE, IT, 
LU, MC. NU FT, SB). OAF! patene (BP, BJ. CP, CO, d, 
CM. OA, GN. ML. MR. NH, SN.TD. TCX 



Publfahed 

Wiiham intmadcml 4€arch npan end to be republished 
t/^an receipt of thai report. 



(54) TlUe: A HUMAN CHmNASE, ITS RECOMBINANT PRODUCTION, rrS USE FOR DECOMPOSING CHmN. ITS USE IN 
THERAPY OR PROPHYLAXIS AGAINST INFECOON DISEASES 

(57) Abstract 

A new human chitinase having an amino acid sequence as shown in fig. 1 or Bg. 2. Modified fonna of ic having a iimflar dildn- 
hydrolyaing activity, and aatigenic peptides representing one of its epitopes^ RoeomUnant pfoduciion of the human chitinase by genetically 
engineered hosts or host cells. Recombinant nucleic add encoding iu and human chitinase«fpecifie oligonudeotides, Use fbr therapeutic 
or prophylactic treatment of humans against intetioa by chitxn<ontaining pscKogens, or for decocnpoiing cfaitin, e.g« ftom ehltiA-baied 
anieles. Ancibodics binding to (he human chitinase. Diagnostic (est kits comprising the human cftitfaiase, its andgenic peptides, human 
chitinase antibodies, iccombiiwnt nucleic acid or oligonucieoddes 



FILE COPY 



FOM THE PURPOSES OF INFORMATION ONUT 



Codes used to Uentify States patty to the PCT on the front pages of pamphlets pulilishiag intenutional 
applications under the PCT. 



AM 


Ansma 


CB 




MW 


Malawi 


AT 


Aiutiit 


GK 


Gcotci* 


MX 


Msrio 


AXJ 


AumlU 


Qfi 


Gubca 


NB 


NJser 


m 




GA 


Gfcccc 


ML 




BE 


Bcl^tan 


nu 




no 


Horwty 


BF 


BukimFse 


IE 


Irdnd 


NZ 


NcvZaliad 


BG 


BMlgaria 


IT 


tiaty 


PL 




R] 


Bcoki 






rr 




BR 




n 


Xoiyi 


RO 




BY 


fiabna 


KG 


Kyttyitu 


RU 


Ronian Pcdtniion 


CA 


Ctnida 


KP 


DeflMende hoplc'i RcptftHe 


SD 




CT 


Ccfvnl Afrion Kepublk 






6E 


Sweden 


CG 


CoBfO 


XR 


KepuMk of Kom 


5G 




CH 


SwltBtfUftd 


KZ 




« 




a 




U 


Uflctifcnffein 


5K 


' Slovilda 


CM 


CameiODft 


uc 


SH Lnki 






CN 


Chinm 


LH 


UbBia 


sz 


Swaziland 


C9 


CKcfaMlevakU 


LT 


Utitto&lt 


TO 


Chad 


CZ 


Cacbftepublk 


LU 


LutOBtaOIBf 


TC 


Togo 


UK 


Oomaqr 


LV 


Ltfvla 


TJ 




DK 


DcBznsfc 


MC 


MOMO 


TT 


-nWdad aad TBbtio 


EE 


Esionti 


MD 


Republic of Mdifavs 


VA 




KS 


Spilft 


ItfG* 


NteUpacv 


UG 




n 


Fmlnd 


ML 


MaU 


VS 


UatedStatei of Assiea 




Fmce 


MN 


MoDsoSa 


VZ 




GA 


Catea 


MR 


MaiiianU 


VH 


Vial team 



wo 96/40940 



t 

PCT/NL96;/00225 



A HUMAN CHTTTNASE. IH RECOMBWAKT PRODUCTOR nSUSE FOR DECOMPOSWO 
CHITTN. ITS USE IN THERAPY OR PROPHYLAXIS AGAINST INFECTION DISEASES 



FIELD OF THE INVENTION 

The subject: invention is in the £ields of ^herapeucical and 
prophylactic creacment: of human individuala against infect:ions# 
especially by chitin-^coatainin? organisms r and recombinant DNA 
5 technology for Che production of a substance useful in the above 
treatmenc. The invention ftxrtherraore has implications on some 
other fields, such as diagnostics, gene therapy ^ controlled drug 
release from chic in -containing drug carriers or implants, and 
cosmetic, dental and even food products. 

10 

BAC2CGR0UND OF THE INVENTION 

Tnfpr^iQTi?; dij^eflggs and narural defence 

Man is constantly at risk for chronic infections by a 
variety of agents such as viruses, bacteria, fungi, protozoa and 

15 multicellular parasites. Some of the associated infectious 

diseases axe seriously disabilitating or even life-threatening. 
In response to the threat exerted by these pathogens a variety 
of defence mechanisms, the so called immune responses, have 
evolved in mammalians. For an excellent overview on the topic 

20 see chapters 1, 2, 15 and 16 in ref.l. 

,A distinction can be made between innate (or non-adaptive) 
immune responses and adaptive immune responses • The latter type 
of response is highly specific for a particular pathogen and 
improves with each successive encounter with the infectious 

25 agent. The adaptive immune responses are mediated by various 

types of lymphocytes. The innate immune responses are primarily 
produced by the phagocytic cells. These more primitive responses 
are not based on a highly specific recognition and act as a 
first line of defence against: infection. An important group of 

30 phagocytes are long-lived cells (monocyte /macrophages) that 
belong to the mononuclear phagocyte lineage • Monocytes are 
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formed from bone inarrov seen cells and enter che blood scream. 
These cells can mlgrace ouc into tie tissue where they develop 
into various types of tissue macrophages. Examples are the 
microglial cells in brain, the alveolar macrophages in the lung^ 
5 the Kupffer cells in the liver, the mesanglial phagocytes in the 
kidney, the splenic macrophages, the lymph node resident and 
recirculating macrophages and the synovial cells. The second 
category of phagocytes is formed by the polymorphonuclear 
neutrophils that are shorts-lived cells and constitute the 
10 majority of the blood leukocytes. 

Well documented is the key role played by phagocytes in 
immunity to bacterial infections. Phagocytes are attracted 

IS chemotactically co a bacterial infection. Attachment to the 

bacterium can occur via numerous interactions, e.g. complement- 
mediated, antibody-mediated or mannose-binding protein-^mediared 
or via lectin-oligosaccharide interaction. Subsequently, the 
organism is exposed to a sequence of killing mechanisms in 

20 phagosomes and lysosomes. Of great importauice are the oxygen- 
dependent killing mechanisms that generate the superoxide anion 
and subsequently other reactive oxygen intermediates that are 
toxic. More recently the importance of killing via the nitric 
oxide pathway in neutrophils has become evident. Oxygen- 

2S independent killing is mediated by defensins, small cationic 
polypeptides, lysosomal enzymes, lysozyme and lactoferrin. The 
precise roles of phagocytes in immunity to fungal and parasite 
infections are less well understood, but it is thought that chey 
are similar to those involved in resistance to bacterial 

30 infections . 

Besides their direct role in killing of organisms, macro- 
phages play other important roles in the immunity to foreign 
organisms. Firstly, these cells are very effective at presenting 
antigens to T lymphocytes followed by further responses of the 

35 immune system. Secondly, exposure of macrophages to microbial 
products can be accompanied by release of cytokines that affect 
other components of the immune system. Thirdly, macrophages 
respond to cytokines released by T lymphocytes. For example, in 
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some parasite infections the body reduces damage by walling off 
the parasite behind a capsule of inflanmatory cells* This 
lymphocyte dependant process results in local accumulation of 
macrophages that release fibrogenic factors which stimulate the 
5 formation of granulomatous tissue and ultimately fibrosis. 

The natural defence mechanisms against pathogens are not 
always sufficiently effective to prevent clinical complications 

10 and (preventive) intervention is therefore required. 

One preventive approach is immunization/ i.e. stimulation 
of defence mechanisms by prior vaccination of the host' with 
(components of) pathogens. To be effective/ a vaccine must 
induce a long-lived response from the right )cind of T-lympho* 

15 cytes thaL produce a strong cell->mediated immunity. Although 
vaccination has proved to be effective for some pathogens, a 
number of intrinsic problems are associated with this approach. 
Most importantly^ it has to be avoided that antigens used for 
vaccination induce the wrong kind of immune response, such as 

20 suppression or even autoimmunity. With some infections there is 
a need to achieve immunity in specific body locations that can 
be only obtained by local or oral immunization . Due co the 
complexity of the immune system^ the heterogeneity in pathogens 
and the ability of some pathogens to escape from the specific 

25 immune responses, a generalized approach for effective immuni- 
zation against pathogens is not available. Various strategies 
for specific infectious diseases remain under investigation by 
trial and error. 

Another approach in the intervention of infectious diseases 

20 is the use of pharmacological agents that prevent further 

proliferation or survival of pathogens. In this coiuiection use 
is made preferably of compounds that specifically act at the 
level of the pathogen and do not affect the host. Such 
specificity is based on differences in the composition and needs 

35 of mammalian cells and their pathogenic invaders. Some 
illustrative e:cantples are the following. Penicillins and 
cephalosporins are specific inhibitors of bacterial cell wall 
synthesis . Aminoglycosides, chloramphenicol , tetracyclines. 
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macrolides are inhibitors of baccerial procein synthesis; 
rifanrpicia, 4'quinolones are specific inhibitors of bacterial 
DNA replication. Amphotericin a and nystatin are antibiotics 
that are fung'icidal due to binding specific sterols in the 
fiiiigal cell membrane, chus causing leakage of cell components. 

The pharmacological approach to intervene wirh pathogens at 
the level of a specific target that is absent in the host cells 
is also used in nature. A good example is the hydrolase iysozyrae 
tbat is present in vertebrates as well as many invertebrates. 
Cell walls of many bacteria contain interlinked polymers of 
muramic acid and N-acetylglucosamine . The hydrolase lysbzyme is 
capable of cleaving the glucosidic bond between muramic acid and 
N-acetylgiucosamine moieties and consequently the integrity of 
the cell walJL, The presence of lysozyme is wirhout harm for the 
host sdLnce a similar structure is absent in non-bacterial cells, 

Chitin is a glycopolymer that is absent in mammalian cells 
but is present in a variety of organisms that cause infectious 
diseases in man. Chitin therefore forms an attractive target for 
selectively attacking these type of pathogens. 

Chitin is a polymer of p(l-4) linked N-acetyl-D-giucosamine 
units. It may also contain glucosamine units in different 
proportions. Mainly deacetylated chitin is called chitosan. For 
overviews on zhe topic see rcfs.2-5, 

Chitin and its derivatives are one of the most abundant 
macromolecular biological products on earth. The estimated 
annual production is 10,000-100,000 million tons. Chitin is a 
structural component of cell walls of fungi and of the 
exoskeleton of almost all invertebrates (except sponges / most 
anthozoa^ scyphozoa, and echinoderms) , bat is absent in 
vertebrates and autotrophic organisms, Chitin fulfils important 
functions: it protects cells and organisms against mechanical 
and chemical stress from the environment and it also supports 
and determines their shape. The chain length of N-acetylglucos- 
amine polymers may differ from 100 to 8000 units. The polymers 
assemble laterally to form microfibrils, stabilized by strong 
hydrogen bonds between the' amine group of sugar in one chain and 
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the carbonyl group of sugar in a neighbouring chain. Three 
crystallogxaphic forms of chit in can be recognized. In a-chitin^ 
Che mos'c abundanr form in fungi and arthropods i adjacenc chains 
are orienced antiparallel. In ^chitin the chains are oriented 
S parallel, whilst in r-chitin two chains are parallel and the 

third one anti-parallel. The microfibrils in Crustacea and fungi 
usually show a diameter of 20-<2S nm. In most structures, chitin 
is associated with other substances . In fungal cell walls the 
accompanying compound is p^glucan. In exoskeletons of animals, 

10 chitin protein associations are however predominant. The matrix 
is hardened by deposition of calcium carbonate and phosphate as 
in Crustacea or by tanning with phenolic derivatives as In 
insects. In chitinous structures of protozoa also glycoproteins 
and mucopolysaccharides are present . 

15 Chitin and related compoxinds have found many applications . 

Chitosan is used as component of threads^ fibers , films and 
gels. In the agricultural industry, seeds can be protected from 
fungi using a capsule containing chitin derivatives. In the food 
industry, chitosan is used in the preparation of fruit juices 

20 and soluble coffee. The cosmetic industry produces sbaurooos/ 
gels, creams and even sponges containing chitosan. In the 
pharmaceutical industry and in medicine, chitosan occurs in the 
making of contact lenses, of drug excipients and of dressings 
for burns . 

25 

rhii-^n c-ynrh^gig and degradation bv ChitifiasfS 

The synthesis of chitin is the best understood for fungi. 
The essential precursor is UDP-N-acetylglucosamine that is 
synthesized from glucose. Chitin synthetases are transported as 

30 transmembrane proteins to the plasma membrane where they add N- 
acetylglucosamine from the donor ODP-N-acetylglucosamine across 
the membrane to the growing polysaccharide chain. Fungal 
synthetase can be competitively inhibited by polyoxins (produced 
by Strepcomyces cacaoi) and -nikkomycins (produced by Strepto-- 

35 myces tentae) , both being analogues of ODP-N-acetylglucosamine . 

Chitin synthesis In other species is less well documented. 
It is suggested that in insects and Crustacea chitin synthesis 
begins in the endoplasmic reticulum via glycosylation of a 
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procein to whicb a chltin chain is added in zhe Golgi appararus. 
The chitoprocein is sxibsequently exported to the cell surface. 
Chit in synthesis in arthropods appears to be a cwo-step process 
involving lipid-linked intermediates. The synthesis in 
5 arthropods can be specifically inhibited by insecticides of the 
benzoylphenylurea type of which the mechanism of action is still 
not precisely known . Furthermore inhibitors of protein synthesis 
and N-linked glycosylation (txtnicamycin) inhibit the synthesis 
of chitin in these organisms « Evidence so far suggests that 
10 chitin synthesis in protozoa occurs at the cell surface and most 
likely resembles the process in fungi. 

All chit in-containing organisms presumably contain enzyme 
systems that allow them to degrade the chitin polymer in order 
to allow morphogenesis, i.e. essential modifications of their 
15 shape. Furthermore^ many higher plants, fish and insectivorous 

animals (including vertebrates) are capable of producing enzymes 
that can degrade chitin. Several enzymatic systems are in this 
respect distinguishable; i) ^-^hexosaminidases are capable of 
removing the terminal M-acetylglucosamine moiety from the non- 
20 reducing end of the polysaccharide; ii) some lysozymes with a 
broad specificity (e.g. egg white lysozyme) are capable to 
cleave also within the chitin glycopolymer ; iii) so called 
exochitinases cleave diacetylchiobiose units from the non- 
reducing end of the polysaccharide; and iv) specific 
25 endochitinases cleave glycosidic linkages randomly along the 
chitin chain, eventually giving diacetylchicobiose as major 
product, together with some triacetylchitotriose. The exo- and 
endochitinases are often exclusively named chitinases. This 
nomenclature is also used herein. 
30 Chitinases are widespread in nature and have been found in 

some viruses, bacteria, fungi, plants, invertebrates and verte- 
brates. Chitinases constitute families 18 and 19 of glycosyl- 
hydrolaaes. This classification proposed by Henrissat is based 
on amino acid sequence similarity (6) , Family 19 only contains 
35 plant chitinases; for example, the chitinase from Hordeum 

vulgare for which the 3-dimensional structure has been resolved. 
Only the so c&lled class III plant chitinases belong to the 
family 18 of glycosylhydrblases . There is a considerable 
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homology in the putative active sice regions in chitinases of 
the family 18 of glycosyl-hydrolases , The proposed structure for 
the catalytic 'domain is a S-scranded a/p barrel ('TIM barrel') 
(7,8) , The reaction mechanism seems to be similar to that of 
S lyaoayme and most other glycosylhydrolases, i.e. general acid- 
base caralysis (8) . 

Tnffrrlnrrrr fllffrrtfTf in man caused l?y pathg^gns-wntninln? rhirin 
A variety of infectious diseases in man are caused by orga« 
10 nisJtis that contain chltin. The most prominent ones are Listed in 
TeLble 1. On the basis of the type of pathogen a classification 
can be made in: i) fungal infections; ii) procozoal infections; 
and iii) helminth (worm) infections. For an overview on che 
topic see for example ref.9. 

IS 

Table 1 

Some infectious diseases caused by chit in -containing pathogens 

I. Fungal infections 
20 - Cutaneous mycoces 

- Subcutaneous mycoces 

- Pulmonary mycoces 

- Candidiasis 

25 11- Protozoal infections 

- Toxoplasmosis 

- Malaria (Plasmodium species) 

- Leishmaniasis (Leishmania species) 

- Chagas disease, sleeping sickness (Trypanosoma species) 

30 

III. Helminth infections 

- Schistosomiasis 
^ Trichinosis 

- Filariasis 

3S - Ochocerciasis 
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The limited nuxnber of presently available anti-fung'al drug^s 
are in general not very potent. Fungal infeccions are regularly 
encountered in imauno-incompetent peoplei currently most 
S frequently in pacienrs witli acquired immunodeficiency syndrome 
(AICS) . Most fungal infections of the skin are treared with 
topical preparations. Visceral infections and cuticular 
infections require prolonged systemic therapy* 

The most frequent fungal infection is caused by Candida 

10 albicans. The organism is a common commensal of the oral and 
vaqinal mucosae buc can become a parhogen on damaged skin^. in 
severely ill patients , in patients who have specific immune 
deficiency, and in patients receiving broad-spectrum antibiotics 
when the local microbial ecology is disturbed. Extreme conse-^ 

15 quences of Candida infection can be pneumonia^ endocarditis r 
septicaemia and even death. The only .effective treatment is 
intravenous administration of amphotericin 3. Administration of 
this drug can result in serious adverse affects that are accom<- 
panied by hypotension and collapse . For that reason an initial 

20 test dose is infused to determine the tolerance. - Flucytosine is 
a synthetic fluorinated pyrimidine which enters fungal cells and 
inhibits metabolism by interfering with ONA and RMA synthesis. 
The compound is usually given in combination with amphotericin B 
for treatment of- systemic fungal infections. When administered 

25 alone, resistance towards flucytosine rapidly develops. 

Other species of fungi that can cause severe infectious 
diseases in man are Aspergillus, Cryptococcus * Coccidioides, 
Paracoccidioides, Blastomyces ^ Sporothrix, and Histoplasma 
capsulatum. 

30 The clinical features of the more commonly encountered 

histoplasmosis may differ considerably. Histoplasma capsulatum 
infects macrophages and Che pathogenesis of the disease is in 
some aspects similar to that of tuberculosis. In normal hosts 
acute pulmonary infection is often accompanied by cough and 

35 chest padLn, myalgia and weight loss. In individuals with 

structural defects of the lung a chronic destructive disease in 
the lung apices may develop, similar co tuberculosis. In 
inmunocompromised hosts disseminated histoplasmosis may develop. 
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accompanied by fever^ hepacosplenomegaly, anaemia^ leucopeniar 
ctirombocycopeAia and pneumoniae Afiphocericin B is che cotunon 
choice of treacraent. In view of its toxicity, nreacmeni: of 
various fungal infections with other drugs is invescicated. 

5 

Protozoa are singie^cell organisms that are causing a large 
number of severe infectious diseases in man (see Table 1) . 
Fortunately for most: of these pathogens effective treatment with 

10 drugs is feasible. The treatment of Chagas disease^ caused by 

Trypanosoma cruzi, is at present not satisfactory. The hearc and 
the gut are the organs severely affected in the chronic form of 
this disease. Effective creacment of tissue cysts of Toxoplasma 
gondii is not feasible. Reactivation of the disease may occur 

15 following depression of cell-mediated immunity. Helminth 
infections can be generally quite effectively cured with 
specific drugs. A major health problem in this respect is formed 
by lymphatic filariasis caused by Wucheria bancrofti and Brugia 
species. In an advanced state of the disease killing of 

20 microfilariae by the drug diethylcarbamxine (DEC) may result in 
complications as the result of responses to death of tnassive 
amounts of worms. 

Tirorov«^d rgj^igrance qg^in^r ghir ^_n-ronr a Ining oarhooer.g bv 

25 -Lnr^ragriofi rhiP l^v^l or rhltin 

The differential distribution of chitin among organisms has 
lead to Che idea that chitin metabolism is an attractive target 
for controlling infections by chit in-containing organisms . Two 
distinct experimental approaches should be mentioned. 

30 1. Chitin synthesis inhibition (for a review see ref.2) 

The value of inhibitors of fungal cell wall synthesis as 
fungicides has been largely investigated in plants. Polyoxins 
have been widely used as excellent agricultural fungicides . The 
polyoxins are a group of related competitive inhibitors of the 

35 chitin synthetase reaction due to their structural resemblance 
to UDP-N-acetylglucosamine. More recently r nikkomycin has been 
detected as a potent inhibitor with a similar mechanism of 
action . 
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Benzoylaryl ureas are conmercial insecticides which are 
highly porenc inhibitors of chit in synthesis in insects but not 
in £ungi. 

Medical applications in man of the above cotttpounds have not 
S been documented. 

2m Chitinases as vaccine 

The ia?)ortance of chitinase activity in the life cycle of 
protozoa has stimulated several investigators to consider the 
protist chitinases an attractive antigen for vaccination (10- 
10 12) . Moreover^ because it is so far (incorrectly) assumed that 
analogous proteins are not present in man (see e*g. ref ,13) . 

The experimental approaches described above may be less 
advantageous in the battle against chit in-containing organisms 
than assumed. 

IS Firstly^ inhibition of chitin synthesis by synthetic 

compounds may be less specific and effective than hoped for. It 
cannot be excluded that inhibitors also interfere with 
endogenous processes in mammalian cells and consequently result 
in side-effects. Toxicity could also arise as a result of 

20 biotransformation of the original compound to a toxic product. 
Furthermore, prolonged administration of large quantities of 
drugs may be required due to the fact that these compounds are 
excreted via the urine. Moreover/ alternative synthesis routes 
of chitin may exist or develop in organisms, complicating its 

25 complete inhibition . 

Secondly, the use of chitinases from pathogenic organisms 
as a vaccine may result in unforeseen harmful side-effects. It 
cannot be excluded that fragments of such chitinases share 
homology with endogenous proteins and that an undesired immune 

30 response is elicited. This may in facr be more theui a 

theoretical problem because of the strong homology between human 
chitinase and chitinases from other species (see below) . 

35 rhifMn-^<>Qttgaining par hogging 

Many plant chitinases are considered pathogenesis--related 
(PR) proteins. The enzymes are induced by che presence of 
(extracts of) pathogens, or other forms of stress. For some of 
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the plant chltlnaaes an antl-fungal role has been documented in 
vitro- For an overview see ref.l4. Moat strikingly, it was 
reported that spraying plants with a bacterial chitinase (ChiA) 
from Serratia marcescens expressed in E. coli renders protection 
S agaizisc fungi (15) « It is clear however that more effective 
inhibition of most fungi requires the .concomitant presence of 
chitinase and p-1, 3-glucanases . In plants ^ the latcer enzymes 
are also induced in response to stress. 

It has been reported that leucocytes of f£sh are rich in 

10 chitinase activity and fulfil a role in defence (16) . Evidence 
for such a role was recently provided by the demonstration of an 
inhibitory acrion of purified chitinase fom curboc against Che 
chicinous fungus Mucor mucedo. 

At presenc it is generally believed that man does nor 

15 contain a comparable chitinase in phagocytes. However^ as will 
be discussed in derail below, we nored recently the presence of 
a similar cype of enzyme in cultured human macrophages . 

SUMMARY OF THE INVENTION 

20 Given the limitations of current approaches to tackle 

chitin'-'Containing pathogens, a novel approach is here proposed 
CO solve rhe problem chat conscitutes a major threac to the 
welfare of man* The approach is based on the use of a recently 
idenrified hunan chitinase , which can be produced by recomb inane 

23 DNA technology (biotechnology) , as a safe and effecrive agent 
againsr chitin-containing pachogens, i.e. for incervention of 
infectious diseases caused by chitin-con::aining pathogens. The 
conception of the approach and its further development is 
described below. 

30 The subjecr invencion provides a substantially isolated or 

purified chitinase, said chitinase being a htiman chitinase 
having an amino acid sequence essencially corresponding co the 
amino acid sequence shown in fig. 1 or the amino acid sequence 
shown in fig. 2, or being a modified form of said human 

35 chitinase having a subscancially similar chitin-hydrolyzing 
activity. It is preferred chac this new human chitinase is 
produced by a genetically engineered hose cell and isolated from 
said host cell, or medium in which said host cell is cultured. 
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whereiA the amino acid sequence of the enzyne is encoded by a 
nucleotide sequence essentially corresponding to the nucleotide 
sequence shown* in £ig» 1 or the nucleotide sequence shown in 
fig, 2. The subject invention particularly includes a chicinase 
5 having an amino acid sequence essentially corresponding to the 
amino acid sec[uence shown in fig. 1 emd having a molecular 
weight of about SO kDa,, and a chitinase having an amino acid 
sequence essentially corresponding to the amino* acid sequence 
shown in fig. 2 and having a molecular weight of about 39 kDa. 
10 The phrase "substantially isolated or purified" indicates 

that the chitinase is removed from an environment in which it 
naturally occurs, or from an environment in which it is produced 
or secreted as a result of the application of recombinant DMA 
technology/ or as a result of chemical synthesis. It is intended 
IS that the invention embraces the chitinase in a "substantially 
isolatied" form in which it is substantially separated or freed 
from other components of said environment, and ic is preferred 
that the chitinase is "sxibstantially purified", which means that 
Lt, is sufficiently purified to be useful for pharmaceutical use, 
20 i.e. is pharmaceutically acceptable. 

Although the invention covers the possibility of isolating 
the chitinase from a natural source of it* such as properly 
activated human macrophages, its production by recombinant DNA 
techniques or by chemical synthesis are preferred, especially 
25 its production by a genetically engineered host or host cell and 
isolation from said host or host cell or from medium in which 
said host cell is cultured. 

The phrase ''essentially corresponding to" intends to allow 
for small sequence variations, such as the naturally occurring 
30 variations which do not significantly affect the activity of the 
enzyme. Some amino acids of the human chitinase sequence may be 
replaced by others, or be deleted, without thereby significantly 
affecting the function^ activity and tolerability of the enzyme, 
and may sometimes even improve one characteristic or the overall 
35 properties of the ensyme. Generally, such sequence variations 
will be quite limited, say to about less than 30%, more often 
less than 20% or even less than 10% of all amino acids, i.e. the 
variants will generally have a high homology of above 70%,. more 
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often above B0% or even atoove 90% r compared to the sequences 
shown in figtires 1 and 2. All have in common the functional 
characteristic of chitinase activity, which can be measured for 
typical chitinSse substrates, such as 4-methyluxnbellif eryl- 
5 chitotrioside. 

The phrase "a modified font of said human chitinase having 
a substantially similar chitin-hydrolyring' activity" intends to 
embrace variants whose amino acid sequence differs significantly 
from the sequences shown in figures 1 and 2 but- which yet have a 
10 similar chitinase activity. Such modified forms having" similar 

or even improved properties could be designed on the basis of 

« 

the module or domain structure of the human chitinase, such as 
constructs lacking a domain which is not required or even 
disadvantageous for activity, and constructs containing two or 

15 more copies of a domain whose amplified presence is desirable, 
The phrase "having a substantially similar chitin- 
hydrolyzing activity" intends to set the minimum requirement of 
having an at least equivalent chitinase activity compared to the 
human chitinases shown in figures 1 and 2. "Equivalent" refers 

20 to equivalency in substrate range, i.e, qualitatively, and to 
equivalency in activity value, i.e. quantitatively. 

The subject invention furthermore provides a pharmaceutical 
composition comprising the new human chitinase as defined herein 
and a pharmaceutically acceptable carrier or diluent, more in 

25 particular a pharmaceutical composition for therapeutic or 

prophylactic treatment of a human individual against infection 
by a chit in-containing pathogen, comprising a therapeutically or 
prophylactically effective amount of the new human chitinase and 
a pharmaceutically acceptable carrier or diluent. Preferably the 

30 pharmaceutical composition further comprises a therapeutically 
or prophylactically effective amount of a human 3-glucanase - 
The invention also provides non-pharmaceutical compositions 
comprising the new human chitinase and a carrier or diluent. For 
example, such composition may be a medium for culturing cells, 

35 in particular human cellSr or be a cosmetic (e.g- body lotion), 
dental {e.g. tooth paste, mouth rinse) or food product (e.g. 
mil)c, cheese and other dairy products) . 
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Furthermore, thia Invencion provides chit in-based articles 
of manufacture coztprising a chitin-hydrolysin? amount of the new 
human chitinaae. £.g.r che chitin-based article of manufacture 
may be a drug-containing drug carrier or implant for controlled 
5 drug release/ or a transient functional in^lant. « 
This invention also provides a method of therapeutic or 
prophylactic treatment of a human individiial against infection 
by a chit in-containing pathogenr comprising administering to 
said human individual a pharmaceutical cofitpositlon comprising a 

10 therapeutically or prophylactically effective amount of the new 
human chitinase. 

The subject invention also provides a process for preparing 
a human chitinase having an amino acid sequence essentially 
corresponding to the amino acid sequence shown in fig. 1 or the 

IS amino acid sequence shown in fig. 2, or a modified form of said 
human chitinase having a substantially similar chit in-hydro ly- 
2ing activity^ comprising growing a genetically engineered host 
or host cell capable of producing said human chitinase or 
modified form thereof and isolating the chitinase produced from 

20 said host or host cell or from medium in which said host cell is 
cultured. In this process r preferably the amino acid sequence of 
said chitinase is encoded by a nucleotide sequence essentially 
corresponding to the nucleotide sequence shown in fig. 1 or the 
nucleotide sequence shown in fig. 2. 

25 The invention also provides a genetically engineered host 

cell capable of producing a human chitinase having an amino acid 
sequence essentially corresponding to the amino acid sequence 
shown in fig. 1 or the amino acid sequence shown in fig> 2, or a 
modified form of said human chicinase having a substantially 

30 similar chit in- hydroly zing activity. 

This invention also provides a recombinant nucleic acid 
comprising a nucleotide sequence encoding, or complementary to a 
nucleotide sequence encoding^ an amino acid sequence essentially 
corresponding to the amino acid sequence shown in fig. 1 or the 

35 amino acid sequence shown in £ig. 2. Preferably, said nucleotide 
sequence essentially corresponds to, or essentially is 
complementary to, the nucleotide sequence shown in fig. 1 or the 
nucleotide sequence shown in fig. 2. 
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The phrase "essencially complementary co" Intends to cover 
all variants which can bind by hybridiaation to the nucleotide 
sequences shown in figures I and 2. especially under stringent 
hybridisation conditions. The phrase "essentially corresponds 
S to" intends to exnbrace all variants coding for the same or an 
equivalent (as to chitinase activity) amino acid sequence and 
being expressible by a host or host cell. 

The invention also embraces oligonucleotides of at least 
about a nucleotides having a nucleotide sequence corresponding 

10 to, or complementary to, a nucleotide sequence shown in fig, 1 
or a nucleotide sequence shown in fig. 2 and being capable of 
binding by hybridisation under stringent (i.e. requiring about 
complete com^. lament arity) hybridisation conditions CO nucleic 
acid coding for the- new human chitinase. Such oligonucleotides 

IS can be useful for different purposes, e.g. as a primer for use 
in nucleic acid amplification methods such as PCR, MASBA etc., 
or as a probe in hybridisation analysis. The length will usually 
depend on the intended use. When used as a primer, the lengt^. 
will normally be between 12, preferably IS, and 25, preferably 

20 20 nucleotides. When used as a probe, the length will usually be 
somewhat higher, e.g. from about IS or 20 up to about 40 or 50 
nucleotides, or even up to the complete length of the coding 
sequence . 

Similarly, this invention furthermore embraces peptides of 
25 at least about 8 amino acid residues having an amino acid 

sequence derived from the amino acid sequence shown in fig. 1 or 
the amino acid sequence shown in fig. 2 and representing or 
mimicking an epitope of the new human chitinase, in particular 
those having an amino acid sequence corresponding to an amino 
30 acid sequence shown in fig. 1 or an amino acid sequence shown in 
fig. 2 and having antigenicity. Usually, such peptides will have 
a length of at least about 10, or even at least about 15 amino 
acid residues, and up to about 40, preferably up to about 30 
amino acid residues. Said peptides can be used for diagnostic 
35 purposes, or in immunization protocols to raise human chitinase- 
specific antibodies . 

The invention also embraces antibodies capable of binding 
to the new human chitinase, especially monoclonal antibodies. 
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Such antibodies can be used for many purposes, for exanxpie for 
isolating and/or purifying (e.g. by affinity chromatography) the 
human chlcinase, or for diagnostic purposes • 

The stibject invention furthermore provides a diagnostic kit 
5 comprising such a human chitinaae-binding antibody, or a human 
chltlnase peptide as defined above, or. the new human chicinase 
itself as defined herein, together with a conventional component 
of diagnostic kits for detecting an antigen or an antibody; and 
a diagnostic kit comprising a human chitinase-specif ic oligo- 
3 nucleotide or recombinant human chitinase-encoding nucleic acid 
as defined herein, together with a conventional component of 
diagnostic kits for detecting a nucleic acid. 

Furthermore, the subject invention provides a method of 
decomposing chitln comprising contacting said chitin with the 
new human chitinase under chitin-hydrolyzing conditions. 

BKIET DESCRIPTION OF THE DRAWINGS 

Figure 1. Nucleotide sequence of chi.30 cDNA clone and 
predicted amino acid sequence of corresponding protein. 

Figure 2. Nucleotide sequence of chi.39 cONA clone and 
predicted amino acid sequence of corresponding protein. 

Figure 3. Schematic overview of various chitotriosidase 
isozymes produced in macrophages. 

Figure 4. Alignment of putative active site regions in some 
members of the chitinase protein family. 

Figure 5, Immunotitration of 39 and 50 kDa chitotriosidase 
purified from spleen and that of 39 and SO kDa enzyme produced 
by transfected COS cells. 



DETAILED DESCRIPTION OF THE INVENTION 

The fact that man is continuously exposed to chitin (or 
chit in-containing organisms) strongly suggests that man should 
also have the ability to degrade this material. A gradual, 
presumably lysosomal, accumulation of chitin would otherwise 
inevitably occur in life, e.g. in alveolar macrophages that are 
in continuous contact with chit in-containing organisms. However, 
such storage of chitin has never been noted. This prompted us to 
search for the occurrence of a chitinase activity in human 
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macropiiagea . Indeed, as is docxitnented below, we were able to 
demonsrrace rliac, in concrasc to previous believes, macrophages 
can produce a chitinaae similar in properties to enzyme 
encountered in o^er non^naininaiian or^'S^i^ms (17,18) • Tbe enzyme 
5 is highly capable of hydrolyzing chitlo and also shows orher 
common characteristics of chitinases. Based on the substrate 
ixtitially used in the idenrification of the novel enzyme, i.e. 
4-methyluaibellif eryl-chitotrioside, the human cKirinase has been 
named chitotriosidase (17) . 
10 A number of recent findings concerning chitotriosidase that 

were made at our laboratory are discussed. This information in- 
creases the insight in the features of this recently discovered 
enzyme . 

Modest levels of chitotriosidase are detectable in lyso*- 

15 somes and specific granules of neutrophils. Mo chitotriosidase 
activity is demonstrable in erythrocytes^ thrombocytes/ lympho- 
cytes and monocytes. We observed that exposure of neutrophils to 
lipopolysaccharide (LPS) results in release of chitotriosidase. 
In healthy volunteers administration of (SM-CSF alao leads to a 

20 temporary increase in plasma chitotriosidase levels, presumably 
caused by secretion of enzyme by neutrophils. The release of 
chitotriosidase mimicks that of lactoferrin. In isolated blood 
neutrophils no chitotriosidase mRNA was detectable. This 
suggests that the enzyme is produced in precursors of these 

25 cells in the bone marrow, 

Chitotriosidase can be massively prciuced and secreted by 
macrophages. During the differentiation of cultured monocytes to 
macrophages production of chitotriosidase is a late event; only 
after one week of cell culture, the first mRNA and corresponding 

30 enzyme activity is detectable whilst other macrophage markers 

such as the tartrate resistant acid phosphatase are induced much 
earlier during the differentiation process. It appears that a 
particular kind of activation of macrophages, that spontaneously 
occurs during long-term culture of peripheral blood derived 

35 cells, is required for induction of chitotriosidase. Isolated 
peritoneal macrophages of the rat do not produce chitotriosi- 
dase, not even after prolonged culture. It is conceivable that 
some types of differentiated tissue macrophages are no longer 
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aisle to synchesize chlcorrlosidase. Furchermorer not every 
trigger causing activation of macrophages may be coauparible with 
chitotriosidase induction, we noted thac activation of monocyre- 
derived macrophages with lipopolysaccharide (LPS) did in fact 
reduce secretion of chicotriosidase. 

K pocenr trigger for chitotriosidase production by 
macrophages Is apparently generated by lysosomal (glyco) lipid 
accumulation. It was noted that plasma chitotriosidase 
activities are elevated in a variery of lysosomal lipidoses # 
e.g. Niemann-PicX disease, Krabbe disease, GMl gangliosidosis , 
and Wolmann Disease, although far less spectacular than tn 
Gaucher disease. Interestingly, lysosomal storage disorders 
characterized by the accumulation of specific oligosaccharides 
or mucosaccharides are not accompanied by chitotriosidase 
elevations. It has become clear that the glucocerebrosidase 
deficiency in cells of Gaucher disease patients is in itself not 
causing excessive chitotriosidase production. Presymptoraatic or 
asymptomatic Gaucher patients do not show abnormal chitotriosi- 
dase levels. Abnormal enzyme levels do correlate with clinical 
manifestation of Gaucher disease, i.e. the occurrence of lipid- 
loaden macrophages in tissues and bone marrow « 

It is currently felt that markedly elevated levels of 
chitotriosidase in plasma are a reflection of the presence of 
macrophages in a particular state of activation. Increased 
enzyme levels have been noted in patients with inherited 
lysosomal lipidoses, in patients with visceral Leishmaniasis, 
and patients with Sarcoidosis. It is of interest to note that 
the Leishnania parasite also resides in lysosomes of macrophages 
and possibly sheds glycolipid-liJce structures. The etiology of 
Sarcoidosis is so far not Icnown. The disease, that might be due 
to an infectious agent such as mycobacterium, involves immuno- 
logical granuloma formation containing multinucleate giant cells 
with features of macrophages. 

Chitotriosidase may prove to be a useful marker for other 
disease states in which pathological macrophages are involved. 
One attractive candidate is formed by atherosclerosis, that is 
characterized by the presence of cholesterol^ loaden macrophages . 
Moreover, we have noted elevated chitotriosidase levels in 
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cerebral spine fluid of pacientj suffering from X-linked 
adrenoleukodys trophy and roulciple sclerosis. It is believed that 
in both disorders activated brain macrophages (microglial cells) 
are an essential feature of the pathogenesis. 
5 Clearly, chitotriosidase can be used as a diagnostic marker 

for onset of Gaucher disease, and most liJcely other lysosomal 
lipidoses. Furthezxnore r detection of elevated plasma enzyme 
levels may be useful in the diagnosis of Sarcoidosis and 
detection of elevated enzyme levels in cerebral spine fluid in 

10 the case of some neurodegenerative disorders. Moreover/ the 

correction in enzyme levels upon therapeutic intervention may be 
an important tool to monitor the efficacy of treatment and could 
serve as a guideline for optimalization of therapy. 

In order to use the human chitinase (chitotriosidase) as a 

15 (pharmaceutical ) agent against chit in-containing organisms in 
vivo^ a number of conditions have to be fulfilled, 

An important issue is the tolerance of the body for chito- 
triosidase. As mentioned above, the human body is not believed 
to contain endogenous chitin. In analogy co lysozyme, a 

20 chitinase activity should therefore be harmless for the body. 
Since chitotriosidase is an endogenous procein that occurs in 
the circulation, it appears unlikely that an immune response is 
elicited by additional administration of the enzyme to man. 
Large concenr rat ions of the chitotriosidase can be encountered 

25 in the circulation of patients with Gaucher disease, which is a 
recesaiveiy inherited lysosomal storage disorder characterized 
by the massive occurrence of glucosylceramide loaden macrophages 
in various tissues (17) . The excessive amounts of the enzyme in 
plasma of Gaucher patients are without any apparent harmful 

30 consequences. This finding suggests that excessive amounts of 

chitotriosidase in the circulation are well tolerated by man, an 
importianc prerequisite for its potential use to combat chitin- 
containing pathogens. 

In order to be useful as an agent against chitin-containing 

35 pathogens chitotriosidase has furthermore to be available in 
large quantities in a uniform state. There are no ubiquitous, 
natural sources for the isolation of the hixman chitinase. The 
amounts of enzyme in urine and placentas are low. This led us to 
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artentpc to isolate cdna encoding ehitotriesidase. Due co tlie 
specific expression at the chitotriosidaae gene in macrophages, 
all tesced cDNA libraries from onher cell types were found to be 
negative for chitotriosidase cONA- Howeveri a construcred cDNA 
library from mRNA of long-term cultured macrophages chat 
secreted massive amounrs of chitotrio&idase activity proved to 
be extremely rich in cDMAs encoding chitotriosidase, (0,1% of 
total cONA) . Two distinct cDNAs were in this manner identified 
and cloned. 

The occurrence of two distinct cONA species is due to 
alternative splicing of RMA, resulting in two distinct .mRNA 
species which are both functional. Expression of the two cDNAs 
in COS cells results in synthesis and secretion of rwo discrete 
chitotriosidase proteins with apparent molecular weights of 39 
and 50 IcDa with polyacrylamide gel electrophoresis in ^he 
presence of sodium dodecyl sulphate. Both recombinant produced 
chitotriosidase isozymes/ named chitozyme 50 and chitozyme 39 r 
were enzymacically active. Further characterization cf the 
recombinant chitotriosidase isozymes indicated that their 
specific activity, i.e. enzymatic activity per amount of 
antigenr was identical to that of chitotriosidase isolated from 
tissue or present in plasma. 

As described in the section 'Experimental Data' in detail, 
the two chitotriosidase proteins are largely identical^ being 
only distinct in their C-terminal portions. The isozymes contain 
the highly conserved, presumed catalytic center region of 
chitinases^ belonging to class 18 of glycosylhydrolases (19} . The 
nucleotide sequences of the cloned cONAs predict that both 
chitotriosidase proteins lack N-linked glycans . Indeed, the 
presence of any glycans was noc demonstrable for the 39 kOa 
form. The presence of 0-linked glycosylation cannot be excluded 
for the 50 kOa form. 

The findings suggest that large scale recombinanc produc- 
tion of both forms of human chitotriosidase using conventional 
techniques should be feasible. Moreover, it seems likely chat 
not only production of the human enzyme in eukaryotic cells, but 
even in prokaryotes might be possible, since highly homologous 
proteins are endogenously .produced by some of these organisms. 
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e.g. Serracla znarcescens . A procedure for Che purification of 
cliirorriosida^e has been successful/ developed (18; and below) , 
It cherefore will be possible co obtain large amotincs of boch 
recombinant human chitotriosidases in a pure and uniform state 
5 suitable for administration to man. 

The 39 3cDa chitozytne is not a glycosylated protein, so its 
production in prokaryotic cells should certainly be feasible. 
Bacteria which produce and secrete highly homologous chitinases 
should in principle be able to secrete correctly folded human 

10 chitotriosidase in their exoplasmic space » provided that a 
correct leader sequence is used. Alternatively, it could be 
considered to use yeast cells for the production of recombinant 
chitotriosidase/ at least the j9 kDa chitozyme. It can so far 
not be excluded/ however, that also SO kDa chitotriosidase can 

15 be produced^ not only in higher eukaryotes, but also in lower 
eukaryoces or even in prokaryotes. 

Production of the chitozymes via conventional technology in 
insect cells , plant cells, or vertebrate cells should be 
possible « Finally, transgenic animals could be envisioned as 

20 producers of large quantities of chitozymes in their milk for 

the applications described above . It was observed that chitozyme 
when added to cow milk was completely stable for several hours 
at 37*C. 

Another constraint in the appl\cation of an enzyme as 
25 therapeutic agent is formed by its ability to survive and to be 
functional in the body, Attention has therefore been focussed to 
the properties of chitotriosidase. 

Both forms of recombinant chitotriosidase (chitozymes 39 
and SO) prove to be extremely stable against a variety of 
30 proteases. Successful proteolytic cleavage is only accomplished 
after denaturation of the enzyme, e.g. after heating in the 
presence of sodium dodecylsulphate . Prolonged incubation of 
serum or plasma at 31^C does not result in detectable loss of 
enzyme activity^ suggesting that the enzyme is insensitive to 
35 serum proteases. In analogy/ chitotriosidase is stable at 37'C 
in macrophage-conditioned medium that contains large quantities 
of various other secreted lytic enzymes. 
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Further analysis revealed that the chitocriosidase isozymes 
are comparably stable and enzymarlcally active in the pH range 
of from 3 to 8, Moreover the enzyme is conpletely stable at SO*C 
and enzyme activity is still recovered after spotting an enzyme 
solution on filter paper followed by storage for several days at 
room temperature. No loss of enzyme activity occurs upon storage 
at -20 or -70*'C, and repeated cycles of freezing and thawing. 

All these observations suggest that the chitotriosidase 
Isozymes are truly stable enzymes r intrinsically highly 
resistant against denaturation and showing the potential to be 
functional in various environments. 

A prerequisite for the intravenous application of the 
chitinase is insight in its clearance. In the blood stream the 
most predominant isozyme is the 50 kDa protein. In tissue 
predominantly a 39 Ma isozyme is encoiintered. This appears to 
be formed by uptake of 50 kDa protein followed by proteoiyt-ic 
cleavage to a 39 kDa form that is remarksibly stable in the 
lysosomal environment. Experiments in rats suggest that the half 
life of recombinant 50 kDa chitotriosidase in the circulation is 
somewhat longer than that of the 39 kDa enzyme. Clearance is not 
a very rapid process as monitored by the disappearance of 
activity of human chitorriosidase in the blood stream of intra- 
venously injected rats, the half life being a^out one hour. Only 
minor amounts of chitotriosidase are daily excreted into the 
urine. It is conceivable thac some enzyme is efficiently recap- 
tured by proximal tube epithelial cells since kidney is found to 
be extremely rich in ' lysosomally processed' 39 )cDa enzyme. The 
observations so far suggest that intravenous administration can 
lead to a high level of human chitinase activity in the 
circulation for a prolonged period of time, allowing enzyme to 
reach various tissue locations. 

Purified chitotriosidases are well able to hydrolyse chitln 
and artificial chitin-like substrates such as PNP-chitotrioside, 
PNP-chitobioside, 4M0-chitotrioside and 4MO-chitobio3ide. More- 
over, it was noted that addition of chitotriosidase to a fungus 
(Mucor species) inhibited growth. These findings are in line 
with the expectations based on the high level of homology of 
chitotriosidase with chitinases from other species. 
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Summarizing^ barh clilrorriosidase enzymes have properties 
that are advantageous with respect to their use as therapeutic 
agent. Both forms of the enzyme can be relatively easy produced 
via conventional recombinant techniques. The enzymes are 
S extremely stable and capable of enzymatic activity under various 
conditions. The recombinant chitozyme 39 and chitozyme 50, and 
tissue chitotriosidase are not immediately cleared from the 
circulation^ at least in the rat model ^ and could in principle 
be distribixted to various tissue locations. 

10 The above findings concerning chitotriosidase have prompted 

us to claim here that natural and recombinant chitotriosidases 
(chitozymes) are attractive agents for use in intervention of 
infectious ddLseases due to organisms chat contain chitin or 
related structures that are susceptible to hydrolysis by the 

LS enzyme. 

The two recombinant chitotriosidases, chitozyme 30 and 
chitozyme 39, have so far always been found to be identical in 
enzymatic properties, i.e. specific activity, pH dependence and 
stability. Both chitozymes might be used as agents against 
20 various pathogens containing chitin (see Table 1) . Infections 
with chitin-containing pathogens occur at various locations in 
the body. Due to their intrinsic properties chitozymes can be 
considered to be suitable for application at various body 
locations. 

25 Topical application can be considered for the treatment of 

infections of superficial mycoses that occur at the skin. 
Infections in the eye, reproductive tract and intestinal tract 
by chitin**containing organisms could also be treated by local 
administration. Relevant infections of the pulmonary system 

30 could be treated by use of a spray containing enzyme. Oral 

administration can be considered for the use against infectious 
chit in-containing organisms in the mouth and gastrointestinal 
tract. Finally, as indicated in the previous section, intra- 
venous administration can be considered for intervening with 

35 pathogens present in the blood stream and tissues, either inter- 
or intra-cellularly . Additional research should reveal whether 
more specific targetting is possible by the use of specific 
chitozyme isoforms. 
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This Invention furthermore embraces several variants and 
modificanions, such as especially the following possibilities. 

A. Use of a cocktail of recofflbinant huinan chitinase and 
p-1, 3-glucanase 

It is well documented that both in plants and fish 
chitinases play an important role in resistance against fungal 
infections. In plants, chitinases act synergistically with 0-1^3 
glucanases since the cell walls of fungi are composed of a 
mixture of chitin and p-glucan fibrils (15). At* present it is 
believed that man is not capable of producing a chitinase nor a 
^^lucanase. However r it was noted that long-term cultured 
macrophages are not only able to secrsce a chitinolytic enzyme 
but also an enzyme active against dye-labeled ^-glacan. We 
therefore propose that analogous to the situation in plants a 
mixture of human chitinase and 0-glucanase could be a more 
powerful anti-fungal agent than one of these enzymes alone. 
Isolation of Che p-glucanaae produced by long-term cultured 
macrophages and subsequent cloning of corresponding cONA, should 
result in the availability of recombinant human p-glucanase for 
this purpose. 

B. Use of modified recombinant human chitinase 
Increasing insight in the 3-dimen3ional structure of 
chitotriosidase and the function of its several domains will 
allow engineering of modified forma of the enzyme for specific 
applications. For example, production of recombinant enzyme 
lacking domains that are not essential for catalytic activity 
and specificity might lead to a much smaller core protein that 
is still active and meanwhile more easily penetrates specific 
locations in the body. The currently available and rapidly 
extending knowledge about the structure of family 18 and family 
19 glycosylhydrolases suggests that engineering of modified 
forms of chitinases is a realistic option. 

In addition to therapeutical applications, the invention 
also embraces prophylactic applications. 

We observed that plasma chitotriosidase activity tends to 
be higher with increasing age, being on the average several-fold 
higher in plasma of individuals older than 60 years of ace than 
children. Moreover, we found that 1 in about every IS individu- 
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al5 is unable to produce active chitotriosidase (see ref.l7} . 
These individuals are deficient in enzyme activity in plasma and 
urine, and in leukocytes and lon^-tenn cultured macrophages 
derived from peripheral blood monocytes. Chitotriosidase 
5 deficiency occurs with a similar frequency among patients wrirh 
Gaucher disease as normal subjects. Tlxe clinical course of rhe 
disease is identical in patients that are deficient and those 
with several thousand- fold elevated plasma enzyme levels. This 
indicates that the chitotriosidase elevation is a hallmaric of, 
10 but not a prerequisite for, clinical manifestation of Gaucher 
disease. 

It was noted by us that chitotriosidase deficiency is an 
inherited traic . Strongly reduced levels of chitotriosidase mRNA 
as well as prorein were observed for long^-cerm cultured macro- 

15 phages obtained from peripheral blood monocytes of individuals 
deficient in chitotriosidase. The fact that the residual 
chicotriosidase protein shows a normal molecular mass and lacks 
enzymatic activity suggests that at least in these cases the 
underlying defect is some mutation in the chitotriosidase gene. 

20 Metsibolic labeling and Northern blot analysis suggest that this 
mutation results in reduced synthesis of a cacalytically 
impaired chitotriosidase protein. 

It cannot be excluded that a deficiency in chitotriosidase 
may be associated with some disadvantage. For exaimle, the 

2S resistance against chitin-containing pathogens could be reduced 
and lysosomal degradation of chitin in phagocytes could be 
impairedr resulting in abnormal behaviour of the cells. Further 
research La required to establish whether a chitotriosidase 
deficiency is indeed associated with some risks . If this proofs 

30 to be the case, prophylactic administration of human 

chitotriosidase to deficient individuals could be considered. 

Other situations that may lead to a functional deficiency 
in chitotriosidase activity are inamunodef icient states. We noted 
for ercample that in patients with acquired immunodeficiency due 

35 to a HIV infection plasma chitotriosidase levels are on the 

average reduced. Furthermore it was noted that corticosteroid 
treatment of patients with Sarcoidosis resulted in a rapid 
reduction of chitotriosidase activity. Apparently the presence 
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of acrivaced macrophages is an imporcanc factor in maintaining 
normal cHitotriosidase levels in the circulation. Supplement- 
ation with recofflbixiant chitotriosidase may be considered in 
ixnmuno^'incompetent individuals that are at increased risk for 
5 infections with chit in-containing pathogens. 

Local application of recombinant chitotriosidase could be 
also considered in the case of wounds to reduce the risk of 
infections with fungi. 

The availability of a human chitinase could be also 
10 exploited as a tool to degrade injected or implanted chitin^ 
based structures for medical purposes. 

For example, drugs could be incorporaced in chit in based 
capsules ( * chitosomes * ) . The concomitant presence of well 
defined amounts of human chitinase in the capsule could ensure a 
IS controlled release of drugs. A slow but gradual release of drug 
could particularly be envisioned when it is trapped in a chirin 
matrix. The use of the human enzyme in such a sysrem would 
result in ultimate destruction of the chit in-based capsule and 
not elicit an itraaunological response. The drugs used in such a 
20 system could vary from small compounds to proteins and 0N2^ 

fragments for the purpose of enzyme and gene therapy. Chitin (or 
analogues) is zLlready employed as a carrier for drugs (20) . 

Another, related, application is the use of recombinant 
chitotriosidase for the swift degradation of implants ^han 
25 contain chitin as a structural component. This would be useful 
in the case of implancs zhnc only temporarily have to fulfil a 
fiinction and can be conveniently 'dissolved' by administration 
of recombinant chitotriosidase. 

Recombinant chitotriosidase can be also used e.x vivo as a 
30 fungicidal compound. For example, as a preventive measure 

recombinant chitotriosidase (or a cockcail with p-I, 3-glucanase) 
could be added to culture medium of human cells thar preferably 
need to be cultured in the absence of antibiotics and have to be 
re-administered to the human body, examples in this connection 
35 may be the ex vivo culture of cells for the purpose of gene 

therapy and the ex vivo culture o£ )ceratinoeytes to be used in 
connection with wound healing. 
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Finally^ reconbinanc hxiraan chicocriosidase (or a cocktail 
with 3-^lucanase) may be used as an additive in tooch paste 
and body lorions in order to prevent ftingal infections. 

The invention will now be illustrated by the following 
5 examples which merely serve to exemplify the invention and are 
not intended to limit the scope of the^* invention. 

EXAMPLE 1 

10 In order to clone cONA encoding human chitotriosidase the 

following strategy was used. Chitotriosidase was purified from 
spleen of a type 1 Gaucher disease patient since this organ is 
extremely rich in chitotriosidase activity (18) . The N-cerminal 
amino acid sequence of chitotriosidase was determined and this 

15 information was used for cloning chitotriosidase cONA. First Iv, 
the established N-cerminal amino acid sequence of chitotriosi^ 
dase (18) was used to design a degenerate sense oligonucleotide: 
S'-TGrTACTTYACNAAYTGGGC-3' . Secondly, a degenerate anti-sense 
nucleotide was designed based on the highly conserved domain 

20 among chitinases that is presumed to be an essential part of the 
catalytic center; 5 '-CCARTCIARRTYrACIC<IElTCRAA-3 * . 

These oligonucleotides were used to amplify a ONA fragment 
by RT-PCR- For this purpose, total RNA had been isolated from 
long-term cxiltured macrophages that secreted large amounts of 

25 chitotriosidase activity. First strand cONA synthesis was 

performed using Superscript TM RNAse H, reverse transcriptase 
and oligo dT. After al3caline hydrolysis, the cDNA was precipi- 
tated with ethanol and used as template. PCR was performed using 
standard conditions. The DMA fragment obtained by RT-PCR was of 

30 the expected size (on the basis of homology with members of the 
chitinase family) . The fragment was purified, treated with T4 
DNA polymerase and cloned into the Hindi! site of the plasmid 
vector pCJC19, Determination of its sequence using the dideoxy- 
nucleotide chain termination method revealed that the fragment 

35 was in complete accordance with the )cno%m M-terminal amino acid 
sequence of purified human chitotriosidase, allowing its use as 
a probe to identify a full length chitotriosidase cDMA. 
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A CONA library was prepared using cotai RNA from cultured 
tnacrophages. Double stranded macrophage cONA bras prepared from 
RKA using the Superscript Choice System cONA Synthesis Kit from 
GIBCO-BRL. Double stranded cDNA was ligated to an excess of non- 
palindroraic BstXl linkers and subsequently sire fractionated on 
a low melting type agarose gel. The cDNA exceeding 500 bp was 
purified and ligated into BstXl sites of the vector pcOKAl 
(InVitrogen) , The ligation mixture was eiectroporated into 
Escherichia coli strain MC106/p3 to obtain a ma*crophage cDNA 
library . 

The CDMA library was screened by colony hybridization using 
the partial chitotriosidase cOMA probe that had been radio- 
labelled by Che random priming method. Hybridization to the 
probe was carried out for 4 h in 1 raM EDTA, 0.5 M sodium 
hydrogenphosphate buffer (pH 7.2) containing 7% (w/v) sodium 
dodecylsuiphate at 65**C. Next, the filters were washed twice in 
150 mM sodium chloride, 15 mM sodium citrate (pH 7.0} containing 
0.1% (w/v) sodium dodecylsuiphate, and subjected to 
autoradiography. About 0.1% of the colonies were positive upon 
hybridization with the partial chitotriosidase cDNA clone. About 
20 clones were sequenced as described above. Two distinct, full 
length chitotriosidase cONAs were in this manner identified. The 
two clones are designated as chi.50 and chi.39. 

The nucleotide sequence of the cDMA clone chi.SO show? an 
open reading frame starting with an ATG at position 13 and 
ending with a TGA codon at position 1410 (see Fig.l) . The open 
reading frame encodes a protein with a characteristic N-terminal 
ER signal peptide, immediately followed by the N-terminal 
sequence established for the chitotriosidase protein. The cDMA 
sequence does not indicate the presence of potential N-linked 
glycosylation sites, which is consistent with the absence of 
N-lin)ced glycans in isolated chitotriosidase. The predicted 
protein, after removal of the signal sequence, has a length of 
445 amino acids and a calculated molecular mass of 49 )cDa. 
Metabolic labelling e.xperiments with cultured macrophages 
revealed that these cells predominantly synthesize and secrete a 
chitotriosidase protein wirh apparent molecular mass off 50 JcDa 
with pblyacrylaraide gel electrophoresis in the presence of 
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sodium dodlecyl5ulphat« at reducing conditions. The predicced 
C-cerminal paxr of SO kOa human chitotriosldase is rich in 
serine residues o£ which theoretically some nighc be 0-linXed 
glycosylated. The occurrence of this type of glycans in 50 )cDa 
5 human chitotriosldase has so far not been excluded or confirmed. 

The nucleotide sequence of the cONA clone chi.39 shows an 
open reading frame chat encodes an almost identical chicotriosi- 
dase protein with a total of 387 amino acids (see TLg.2) . After 
removal of the hydrophobic leader^ the predicted protein for 
10 chi.39 CONA has a length of 366 amino acids and expected 

molecular mass of 39 kOa. The signal peptide and the first 384 
amino acids are identical cc chose in che chitotriosidase 
procein encoded by the chi.SO cONA. Only the 3 most C-terminal 
amino acids in the predicced 39 IcDa chicotriosidase are distinct 
15 from those in the protein predicted for chi.SO cONA. 

Comparison of the nucleocide sequences of both cDNAs 
suggests that an additional sequence of nucleotides is inserted 
in the chi.39 cDNA. 

Again, no N-linked glycosylation is predicted for the 
20 chi.39 cONA encoded chitotriosidase. 

The relationship between various forms of chitotriosidase 
is shown in Fig. 3. 

The composition of the cwo cloned chitotriosidase cONAs 
strongly suggested that alternative splicing causes the 
25 formation of two distinct mRNAs. The chi.39 cDNA contains an 

additional exon of the chitotriosidase gene as compared to the 
chi.SO cDNA, as was experimentally verifii»dr Genomic chitotrio- 
sidase DtTA was cloned and partially sequenced. The sequence 
shows indeed intron-exon transitions that are consistent with 
30 the assumption that the two distinct cDNA clones (representing 
different mENA species) are the result of alternative splicing 
of chitotriosidase RNA< 

Metabolic labelling experiments with cultured macrophages 
showed that concomitantly large amounts of 50 kOa chitotriosi- 
35 dase protein and very small amounts of a 39 kOa protein were 

initially synthesized. In accordance with these findings / RNAse 
protection analysis revealed che concomitant presence of chi«50 
HNA and minor amounts of chi.39 KNA in macrophages » It was 
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fujrtheraiore aored thac secreted 50 kDa chitotrlosidase can be 
proreolytically processed to a 38-39 kDa protein after uptake by 
macrophag^es. It may be that some newly synthesized chitctriosi- 
dase is nor secreted, but directly routed to the lysosomal 
apparatus ^ere it is further proteolytically processed. 

From spleen of Gaucher disease patients at least two 
isoforms of chitotriosidase can be isolated. The apparent 
molecular masses are 50 and 39 kDa with polyacrylamide 
electrophoresis in the presence of sodium dodecylsulphate . The 
exact molecular mass for 39 )cOa chitotriosidase isolated from 
tissue was determined using electron spray mass spectrometry. 
This analysis indicates that the 39 JcDa tissue enzyme (that has 
the normal N-cerminus) has undergone C-terminai proteol>xic 
processing. It should be noted that proteolytic processing of 
the 3 9 kDa precursor (removal of four C-terminal amino acids) as 
well as the SO kOa precursor (removal of 83 C-cerminal amino 
acids) would both yield the tissue enzyme. 

A search of the EMBL and Genfiank databases revealed 
significant homology between the two human chitotriosidases and 
a group of chitinases and related proteins from different 
species. All the homologous proteins belong to Che so called 
'chitinase protein family* (18,19). 

The strongest homology is noted for a region that is 
presumed to be an essential element of the catalytic center in 
chitinases (see Fig 41 . Additional homologous regions with 
members of the chitinase family were identified. In Fig.l the 
amino acids in 3 9 kDa chitotriosidase that are identical to 
those in at least 6 out of 9 members of the chitinase protein 
family are indicated by bold characters. 

The predicted C-terminal part of SO kDa human chitotriosi- 
dase shows only homology with two chitinases from Manduca sexta 
and Brugia malayi, respectively. In the case of the latter 
enzyme 0-linked giycosylation has been reported (12) . 

EXAMPLE 2 

Recomtalnanr nrrtrinet; ion ftf hun^an grhitoerios idaa^fi 

COS-l cells were transiently transfected wich the two 
chitotriosidase cDNAs by the DEA£-0«xtran method as described 
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previously (21) . The production off chitotriosidase was monitored 
by meaauremenc of secreted enzyme activity- The chitotriosidase 
activity in culture medium was measured using the fluorogenic 
substrate 4-methylumbellif eryl-chitotrioside as described 
5 before. 

The medium of COS cells r transfectcd with either chi.SO or 
chi.39 cDNA^ contained 7 days after transfection large amounts 
of chitotriosidase activity (5-20 mU/ml) . No activity was 
detected in the case of mode cransfected COS cells or cells 
10 transfected with the same cDNA inserted in the anti-sense 
orientation . 

The chitotriosidase produced by COS cells was analysed by 
imraunotitration with a rabbit antiserum against human 
chitotriosidase. This antiserum is capable of inhibiting human 

IS chitotriosidase in its enzymatic activity. Fig. 5 shows that 

chitotriosidase is inactivated by the antiserum in an identical 
manner to isolated splenic chitotriosidase, This finding 
suggests that the enzymatic activity per amount of antigen is 
similar in the case of the two recombinant chitotriosidaaes and 

20 the splenic enzyme. 

No differences were noted in pH-profile/ stability, Km for 
4-methylurabeiliferyl-chitotrioside and 4-methylumbelliferyl- 
chitobioside when both recombinant enzymes {'50 and 39 chito- 
zymes') were compared with splenic chitotriosidase. 

25 Metabolic labelling experiments revealed that the COS cells 

transfected with the chi.SO cdna and Ghi.39 cONA, respectively/ 
produced chitotriosidase proteins with the expected molecular 
masses of 50 and 39 JcDa, respectively. 

30 EXAMPLE 3 

Previously we developed a procedure for the purification of 
39 JcDa and 50 )cDa chitotriosidase from Gaucher disease spleen 
(18) . The procedure renders pure 39 kOa chitotriosidase and 
35 partially pure 50 kDa enzyme. 

Briefly, a detergent- free extract is applied to a 
polybuffer exchange column (PBE 94 ^ Pharmacia Biotech Inc.); the 
column is equilibrated and eluted with 25 mM Tris buffer 



wo 96/40940 



32 



PCT/NL9MI022S 



(pH 8.5} . BreaJcthrough fracrions vrith tilghest chltorriosidase 
activity are pooled and concencraced by ultrafiltration. This 
pool la applied to a Sephaderc C-lOOO column and eluted vith 
25 mM Tris buffer (pfl 8.0). Peak fractions containing enzyme 
activity are pooled, concentrated and subjected to preparative 
isoelectric focussing -using aitrodex (Pharraacia) concaining 0.5^ 
(v/v) Triton X-100 and 0.1 % (w/v) ampholytes (Servalyte 4-9, 
Serva) . After focussing overnight at 10*C and 400 V, the gel is 
fractionated and extracted with water. Fractions with pr 8.0 
contain pure chitotriosldase with apparent molecular mass of 
39 kDa with polyacrylamide gel electrophoresis in the presence 
of sodium dodecyl sulphate. Fractions with pi arotind 7,2 contain 
50 kDa chitotriosldase concaminated with some ocher proteins. 

Complete purification of the impure 50 kDa chicotriosidase 
can be accomplished by incubation of enzyme preparation wirh 
chitin particles In citrate/phosphate buffer (pa S,2) at 4*C, 
followed by elution at room temperature in the presence of 4 M 
sodium chloride in the same buffer. The contaminants are not 
bound or completely removed by washing of the chitin particles 
with ice-cold citrate buffer containing 0.1 M sodium chloride 
and 0.5% (v/v) Triton X-100. 

The same isolation procedure is applicable for isolation of 
recombinant chitotriosidases (chitozymes) from culture medium 
cells transfected with chitotriosldase cDMAs. 

The specific activity of purified 39 and 50 kDa recombinant 
chitotriosldase is identical to purified tissue enzyme, i.e, 
from 6 to S.S mmol substrate hydrolysis/mg protein x hour using 
the artificial substrate 4-roethylumbellif eryl-chitotrioside at 
conditions previously described. 

EXAMPLE 4 

Pft?radnti,Qn nf nhirin 

Purified 50 kDa and 39 kDa tissue chitotriosidases, and 
50 kDa and 39 JcDa chitozymes produced by recombinant DNA techno- 
logy, are able to hydrolyse 4-methylumbelliferyl-chitotrioside 
and 4-methylumbelliferyl-chitobiosidei the ratio of chltobloside 
activity to chitotrioside activity being about 0.7. Furthermore, 
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p-nitrophenyl-chitotrioside and p-ninrophenirl-chiCobioside are 
also efficiently hydrolyzed. 

Cliitin azure (Sigma) suspended in citrace/phosphane buffer 
(pfl 5-2) at a final concentration of 10 mg/ral was used to 
5 monitor chitinaae activity. Chitin degradation was detected 

spectrophotometrically at 550 nm by deteraiinatioA of release of 
soluble azure (16) . Chitinase from Serratia marcescens (Sigma) 
was used as control. When related to the hydrolysis of 4-fnethyl- 
umbelliferyl-chltotriosider the chitinaae activity of human 
10 chitotriosidase was comparable to that of the bacterial 
chitinase. See for example ref.18. 

No significant activity of human chitotriosidase cowards a 
cell wall suspension of Micrococcus lysodeikticus was 
detectable, suggesting that the enzymes lac)c lysotyme activity. 

IS 

EXA^LE 5 

To test whether human chitotriosidase can exert an anti- 
fungal action, a chitinous fungus (Mucor mucedo) was grown on 

20 plates (containing malt extract, peptone, glucose and agar) 
under a Cellophane membrane in order to Icesp the hyphae flat 
against the agar surface (see ref.l6). Individual sectors were 
cut out and mounted on microscope slides. Purified chitozyme 50 
and chitozyme 39 were dialysed against 0.15 M sodium chloride. 

25 Samples of enzyme-containing solutions, and 0.15 M NaCl were 
pipetted on the hyphal tips. Microscopical analysis revealed 
that application of enzyme resulted in immediate cessation of 
hyphal growth, followed by a distorted morphological appearance. 
Application of saline had no effect. Negative effects on hyphal 

30 growth were detectable using chitozyme solutions with a 
concentration of enzyme as little as O.OOS mg/ml. 

LEGENDS TO THE DRAWINGS 

riqmrg 1 . Nucleotide sequence of chi.50 cONA clone and 
35 predicted amino acid sequence of corresponding protein. 

The hydrophobic leader (amino acids 1-21) is underlined. 
Amino acids Ln chitotriosidase that are identical to those in at 
least 6 out of 9 members of the chitinase family are depicted in 
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bold characrers. The 9 members of the chitlnase family used are 
llsred in che legend of figure 4, with Che exceprion of che 
chitiaaaes from Aucoqxapha calif ornica and Nicociana cabacuro. 

liaaca^. irucleotide sequence of chi.39 CDNA clone and 
predicted amino acid sequence of corresponding pronein. 

The hydrophobic leader (amino acids 1-21) is underlined . 

Eiauce— 3.* Schemaric overview of various chirocriosidase 
isozymes produced in macrophages « 

Due to alternative splicing, two distinct mRKAs are 
generated that are translated into chitotriosidase proteins with 
apparent molecular masses of 39 and SO kDa. Both forms are pre- 
dominantly secreted. However, some ensyme may be directly routed 
to lysosomes or be endocytosed and reach this compartment, in 
the lysosome, further proteolytic processing of the C-cerminus 
may occur to a form of about 38-39 .tDa. Both precursors (39 and 
50 JcDa) can in this way be processed to an identical lysosomal 
form. It cannot be excluded that the C-terminal part of 50 kDa 
chitotriosidase contains o-linJced g 1 yeans , The 39 kDa precursor 
and the lysoscmally processed chitotriosidase are free of 
glycans . 

FiOTirp 4 Alignment of putative active site regions in some 
members of the chitinase protein family. 

The proteins are: human chitotriosidase; a chitinase from 
the virus Autographa caiifornica (GenBank L228S8) ; a chitinase 
from the tobacco homworm Manduca 5exT:a (GenBank (702270) ; an 
endochitinase from the nematode Brugia malayi (Genbank M73 689); 
a human oviductal glycoprotein (GenBank U09S50); HCgp-39, a 
human glycoprotein produced by chondrocytes and synovial cells 
(CSenBank Ma0927) ; a secretory protein of activated mouse 

macrophages (Pir S27879) ; a chitinase from the fungus 
Aphanocladium album (SwissProt P32470) ; a chitinase from the 
filamentous fungus Trichoderma harzianum (GenBank L14 614) ; 
chitinase Al from the prokaryote Bacillus circulans (SwissProc 
P20533] ; and a class V chitinase from the plant Nicotiana 
tabacum (GenBank X77110) • Residues identical to chitotriosidase 
are indicated by the inverted characters. The proteins HCgp-39 
and are supposed to be not chitinolytic • 
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fjq^iyft g . Ijnntunocitratian of 39 and 50 kDa chitocriosidaae 
purified from spleen and that of 39 and SO )cDa enzyme produced 
by transfecred COS cells. 

Preparations containing either purified 39 kDa splenic 
chitotriosxdase ( ) , or 50 JcDa chitotywe produced by COS cells 
transfected with chi.50 cOMA ( ) , or 39 JcDa chitozyme produced 
by COS cells transfected with chi.3 9 cDKA were incubated for 1 
hour at: room temperature in phosphate buffered saline with 
diffezrenc amounts of rabbit (anti-hurean splenic* chitotriosidase) 
antiiserum . 

Binding of antibody to chitotriosidase results in. loss of 
enzymatic activity. Residual enzyme activity upon incubation of ■ 
enzyme preparations with antiserum was determined by measurement 
of activity cowards the substrate 4-methylumbelliferyl- 
chitotrioside (181 . The similarity In the immunotitration curves 
of various chitotriosidases indicates that the enzymes are 
identical in enzymatic activity per amount of antigen. 
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(1) ca«£R AL IHTORHATIOKi* 

(1) AFFLIC&KTs 

(A) HAKE: Universitielt: van Amsterdam 
(6) STREET: Spui 21 

(C) CXT!r: Asscerdaa 

(D) STATE: Hbord-aolland 

(E) COOHTRY: the Netherlands 

(F) PQSTAL CODE (ZIP): 1012 MX 

(A) HAKE: Aerts, Johannes Harla franciscus Gerardus 

(B) STBEST: Sandbergsrraar 3 
(CI CITY: Ahcouda 

(D) STATE: atrechc 

CE) commcfi the Kacharlands 

IT) POSTAL CODE (ZIP): 1391 E7 

(ii) TITLE OF IHVaiTlON: A human chitiinasa, its rcconfainanr 

prodixcrlon* its use for decomposing chitin, its use in 
therapy or prophylaxis against infection diseases. 

(iii) NUMBER OF SZQUHTCSS: 16 

(iv) COMFUTS^ PEXDABLE FORM: 

(A) MEDIOM TYPE: Floppy disk 

(B) COMPUTER: IBM PC eospatlJble 

(C) OPERATIHG SYSTEM: PC-DOS/KS-OOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1«30 (EPO) 

(V) C URRPT T APPLICATION DATA: 

APPLICATION HUHBSit US 08/486,839 

(2) INFORMATION FOR SEQ ID KO: 1: 

(i) SEQtTEKCS CltARACTERISTXCS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) SnUOIDEDNESS : unKno«rn 

(D) TOPOLOGY: unicnown 

(ii) MOLECULE TYPE: orher nucleic acid 
(iii) HYPOTHEnCAL; NO 



(Xi) SEQUSrCE DESCRIPTION; SEQ ID NO: 1: 
TGTTAYTTYA CSAAYTGGGC 
[2] IMFORMATION FOR SEQ ID NO: 2: 

(i) SEQUDTCE CMARACrSRISTICS: 

(A) LENGTH: 24 hase pairs 

(B) TYPE: nucleic acid 
(cj STRAMDEDNESS : unKnown 
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(D) TOPOLOGV: ualoxewn 
Cli) woUECDtZ TWE: atihcr rmcleic add 
(iii) fOTOTHETICAL: MO 



(i3£) FEATOXtE: 

(A) NAME/KEY: misc^feature 

(B) LOCA!riOiri6..1S 

(D) OTHER IHFORKAT10N:/prod\xct« "K represenrs inosojio" 



(Xi) 5EQX7ZZICE DESOISTXON: SEQ ID NO: 2: 
CCARTCTTASR T^nACNCCST GIAA 
(2) IK708MATI0K FOR 5£Q ID RO: 3: 

(i) SSQUEKCS CHARACTERISTICS: 

(A) LEKGTH: 1643 base paixs 

(B) TYPE: nucleic acid 

(C) 5TRAKDEDHES5: unicnown 

(D) TOPOLOGV: uniaiown 

(U) MOLECOLE TYPE: CDNA 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE OESGIIPTIONI SSQ XO MO: 2i 
CTGAGCTGCA TCATCaXCCG Gi Li UIU gCC TCCSCAGSTT TCATCSTCCT GCTGATCATC 60 

CCATGGGSCr CTCCTCCSUA ACTGCTCTGC TACTTCACCA ACTCGGCCCA CTACAGACAG L20 

GGGSAGCCrC GCTTCCTGCC CAAGCACTTG GACCCCAGCC TTTGCACCCA CCTCATCIAC IfiO 

GCCTTCGCTO GCATCACCAA CCACCASCTG ACCACCACTG AGTGGAATGA CSAGACTCTC 240 

TACCASSAGT TCAATCCCCT GAAGAAGATG AATCCCAAGC TGAAGACCCT GTTAGCCATC 300 

G5AGGCTGGA ATTrCGCCAC TCACAACTTC ACAGATATGG TACCCACGGC CAACAACCGT 360 

CAGACCTTTG TCAACTCGGC CATCAGCTTT CTCCGCAAAT ACAGCTTTCA CSGCCTTGAC 420 

CTTGACTGGG AGTACCCAGG AAGCCAG3GG AGCCCTGCCS lAGACAAGGA GCSCrTCACA 480 

ACCCTGGIAC AGSACriGGC CAATGCCTTC CAGCAGGAAG CCCAGACCTC AGGGAAGSAA 340 

cscrrxcrrc tgagtgcacc ggttccagct gggcagacct atgtggatcc tggatagsag 6oo 

GTGGACAAAA TCGCCCAGAA CCrGQATrTT OTCAACCTTA TGCCCTACCA CTTCCATGGC 660 

TCTTGGGAGA AGGTCACGCG ACATAACACC CCCCTCTACA ^GACGCAACA AGAGAGTGGT 720 

GCAGCAGCCA GCCTCAACGT GGATGCTGCT CTCCAACAGT GGCTCCAGAA GGGGACCCCT 7fl0 
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cscc^cc^ASC 


TGATCCTIGG 


CATGCCrXCC 


TACCGACGCT 


CCTTCACACT 


GGccrccrcA 


940 


TCAOACACCX 


gag^tgggsgc 


CCCACCCACA 


GGGTCTGGCA 


C7CCAGGCCC 


CrrCACCAAG 


900 




TGCT6SCCZA 


CTAWAAGTC 


TGC7CCTGGA 


AGGGGGCCAC 


CAAACAGAGA 


960 


ATCCASGAXC 


agaaggtgcc 


C7ACATCTTC 


CGGSACAACC 


AGTGGGTGGG 


CTTTGATGAr 


1020 


GXGGAGAGCT 


TCAAAACCXA 


GGTCAGCTA3 


CXGAAGCAGA 


AGGGACTGGG 


CGGGGCXATG 


108Q 


GTCTCGSCAC 


TGGACmSA 


TGACXTTGCC 


GGCrrCTCCT 


GCAACCAGSG 


CCGATACCCC 


1140 




CSCTACGGCA 


GGAACTGAGT 


CTTCCATACr 


TGCLITICAGG 


CACCCCAGAG 


1200 


C7TGAAGTTC 


CAAAACCAGG 


TCAGCCCrrCTl' 


GAACCTGAGC 


ATGGCCCCAG 


CCCTGGACAA 


1260 




GCCAC66CAA 


ACCTGATGGG 


C7CZATCCCA 


ATCcrCGCGA> ACSSTCCACC 


1320 


TXCTACAfiCr 


GTCCAGCGCG 


GCGGCTGTTC 


CACCAAAGC7 


GCCCGACAGG 


CCTCGTGTTC 


UflO 


AGCAACTCC? 


GCAAATCCTG 


CACC7GSAAT 


TGAG7CGTAA 


ACCCCCrCCA 


GTCCAGCTTT 


1440 




CCAGGATCAC 


TCTACAGCCt 


GCCTCCTGCa 




GSCC6CAATC 


1500 


TGGCTCCTGC 


AGGCCmCT 


GTGGTCTTCC 


CTTATCCAGS 


CmCTCCTC 


TCAGctjrrcaC 


1560 


^^^^^^^^^ ^^^^^T^J^^Wl^^ 


TC7GGGTCTC 


CTGGGCTGCC 


CCTTTCACTT 


GCAAAATAAA TCl-rTWm' 


1620 


GTCCCCC7CT 


TCAAAAAAAA 


AAA 








1643 



(2) IKFOPMATZON FOR S£Q 10 KO: 4: 

(i) SEQUraCS CHARACr£SZStlCS: 

(A) LOrGTH: 46o amino acids 

(B) TlfPS: aaino acid 

(C) ST^tAKCEDMTSS: vinluiown 
(0) TO?OU67: uziknown 

(ii) M0LECUL2 WPS: pro'cain 

(iii) ffJPOTHETICAL: HO 



(Xi) SSQUENCS DESCRIPTION: SZQ ID NO: 4: 

Mar Val Ara Ser Val Ala Tra Ala Glv Phe Met Val Leu Lau Her He 

1 ■ £ " 10 15 

o*-o Glv ser Ala Ala Lvs Leu Val Cys Tyr PSie Thr Aot Trp Ala 

20 "23 30 

Gla Tyr Arg Gin Gly Glu Ala Arg Phe Lett Pro Lya Asp Leu Asp Pro 

35 40 ^3 

Ser Leu CV5 Thr Ria Leu He Tyr Ala Phe Ala Cly Met Thr Asn His 

50 * 55 60 

Gin Leu Ser Thr Thr Glu Trp A«n Asp Glu Thr Leu Tyr Gin Glu Phe 
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65 



70 



Asn Gly tau Lys Lys Her Asn Pro Lys Leu Lys Thr Leu Leu Ala lie 
as ' 90 95 

Gly Gly Trp Asn Phe Gly Thr Gin Lys Pha ttir Ksd Ken Val Xla Thr 
100 105 110 

Ala Asn Asn Artj Gin Thr Phe val Asn Ser Ala lie Acq Phe Leu Ara 
115 ' 120 125 

Lys Tyr £er Phe Asp Gly Leu Aso Leu Ass Trp Glu Tyr Pro Gly ser 
13Q 135 140 

Gin Gly Ser Pro Ala Val Aso Lys Clu Arg Plie Thr rtxr Leu Val Gin 
145 150 153 160 

AsD Lea Ala Asn Ala Phe Gin Gin Glu Ala Gin Tlir Ser Gly Lys Glu 

16S 170 17S 

Arg Leu Leu Leu Ser Ala Ala Val Pro Ala Gly Gin Thr Tyr Val Asp 
180 165 190 

Ala Gly Tyr Glu val Asp Lys He Ala Gin Asn Leu Asp Phe Val Asn 
195 200 205 

Leu Me-c Ala Tyr As© Phe His Gly Ser Tro Glu Lys Vel Thr Gly His 
210 215 220 

Asn Ser Pro Leu Tyr Lvs Arg Gin Glu Glu Ser Gly Ala Ala Ala Ser 
225 230 233 2«0 

Leu Asn Val Asp Ala Ala val Gin Gin Tr? Leu Gin Lys Gly Thr Pro 
245 250 255 

Ala ser Lys X^u He Leu Gly Me-c Pro T2ir Tyr Gly Arg Ser Phe Thr 
260 26S 270 

Leu Ala Ser Ser Ser Aso Thr Arg val Gly Ala Pro Ala Thr Glv Ser 

275 280 285 

Gly Thr Pro Gly Pro Phe Thr Lys Glu Gly Gly Met: Lau Ala Tyr Tyr 

290 295 300 

Glu Val Cys ser Trp Lys Gly Ala Thr Lvs Gin Arg lie Gin aso Gin 
2Q5 310 315 320 

Lys Val Pro Tyr lie Phe Arg Aso Asn Gin Tra Val Gly Phe Aso Asn 
325 330 ZZS 

Val Glu Ser Phe Lys Thr Lvs Val Ser Tyr Leu Lvs Gin Lys Glv Leu 
340 345 350 

Glv Gly Ala Hat: Val Trp Ala Leu Aso Leu Asp Asp Phe Ala Gly phe 
359 360 365 

Sat Cvs Asn Gin Glv Arg Tvr Pro Leu tie Gin Thr Leu Arg Gin Glu 
370 375 380 

Leu ser Leu Pro Tyr Leu Pro Ser cly Thr Pre Glu Leu Glu Val Pro 



€«ocrmrrc ^ucrr mi ft c 9ei 



42 

385 290 3^5 400 

Lys Pro Gly Gin Pro Ser Clu Prtj Glu His Cly Pro Sor Pro Gly Gin 

^ ^ 403. 410 41S 

ASP Thr Phe Cys Gin Gly Lys Ala As? Cly Leu Tyr Pro Asn Pro Arg 

420 425 430 

Glu Arg Ser Ser Phm Tyr ser Cys Ala Ala Gly Arg Leu Phe Gin Gin 

435 * 440 445 

Ser c-zs Pro Thr Gly Leu val Phe Ser Asn Ser Cys Lya Cys Cys Tlir 
450 455 460 

Trp Asn 
465 

(2) IK7QRKATZ0K fOA SEQ ID NO: 5: 

CD se uumta caARAcrsRisncs: 

Ik) LSKGTB: 1713 base pairs 
(B) xyPE: nucleic acid 
(Cl STKANDSiaiVESS: unknown 
(0) TOPOLOcy: un)aiawn 

(ii) MOLECOLS TYPE: CDNA 

(iii) sypOTHETIGAL: NO 



(Xil SEQ0afC2 DESCRIPTION; SEQ ID NO: 5: 



C7GAGC7GCA 


TCAXGGTGw 


GTCXGTGGCC 


TGGGCACG77 


TCATGGTCCT 


GCTGATGATC 


€0 


CC^TGGGGCT 


CTGCrCCAAA 


ACTGGTCTGC 


TACTTCACCA 


ACTGGGCCCA 


GTACAGACAG 


120 


GGGGAGG^aW 


GCnCCTGCC 


CAAGGACTTG 


GACCCCAGCC 


TTTGCACCCA 


CCTCATCZIAC 


180 


Uw C^TC-^w A i» 


gcatgac::aa 


CCACCAGCTG 


AGCACCACTG 


AGTGGAATGA 


CGAGACTCrC 


240 


TACCAGGAG7 


TCAATGGCCT 


GAAGAAGATG 


AATCCCAAGC 


TGAAGACCC; 


GTTAGCCATC 


300* 


GGAGGCTGGA 


ATTTCGGCAC 


7CACAACTTC 


ACAGATATGG 


TACCCACGGC 


CAACAACCGT 


360 


CACACCrrTG 


TCAACTC3GC 


CATCAGGT77 


CTGCCCAAAT 


ACAGC7TTGA 


CGGCCTTCAC 


420 


CTTGACrGGG 


AGTACCCAGG 


AAGCCAGGGG 


AGCCC7GCCS 


TAGACAAGGA 


GCGCTTCACA 


480 




AGGACTTGSC 


CAATGCC7TC 


CAGCAGGAAG 


CCCAGACCTC 


AGOGAAGGAA 


540 


CSCC^7CT7C 


TGACTGCAGC 


CSTTCCACCT 


CGGCAGACCr 


ATGrXCGATCC 


TGSATACGAG 


600 


GTGGACAAAA 


TCCCCZACAA 


CCTGGATfTT 


GTCAACCTTA 


TGGCCTACGA 


CTTCCATGGC 


660 


TCrrCSSAGA 


AGGTCACGGC 


ACAXAACAGC 


CCCC7CTACA AGAG6CAAGA 


AGAGAGTGGT 


720 


GC^GCAGCCA 


CCCTCAACGT 


GGATGCTGC7 


GTGCAACAGT QSCTGCAGAA 


QGGGACCCCT 


780 



& foCTmnt: .CWFTT mi ft F 9f?\ 



wo 96/40940 PCT7NLM/00225 

43 

GCCAGCAACC TGATCCrTGS CAXCCCTACC TACCCACCCT CCTrCACACT CCCCTCCTCA 340 

TC&GACACC2k GAGTGOGSSC CCCAGCC&CA G gG T C TG S CA CT Ca CSCeC CTXCAC»AG 900 

GAACGAGGSA TGCtCaCCIA* 'cTATCAACSTC TCCTCCTCSX AflSSSS Ce XC CAAAC^GMA 900 

ATCCAGGATC AGAAGG7GCC CTACATCTTC CGGQACAACC AUrUCwtUCG C77TGATGAT 1020 

GTGQAGAGC? TCAAAACCAA GGTCAGCTAT C7GAAGCAGA AGGSACTCGS CSGGGCCAZG 1.080 

GTCTCGGCAC TGSACTtAGA TGACTTTGCC GSCTTCTCCr GCAACCAGGG CCSAIACCCC I14G 

CTCVrCCAGA CGCTACGGCA GGAACTGAAT GCGTAAAGCC TTAACTGCCT G7CACATGTC 1200 

AGGCCAGGTG TTGCCTGTGG CACTGTGCrr CAGCtGTAGG TCTTCCA^C TTGCCXTCAG 1260 

GCACCXCAGA GCrrGAAGTT CCAAAACCAG GTCAGCCCZC TGAACCZGA6. CATGGCCCAA 1220 

GCCCTGGACA AGACACGITC TCCCACGGCA AAGCTGATGS GCrC7ATCCC AATCCTCGSS 1380 

AACSGTCCAG CTTCTACAGC TGTGCACCGG GCCGGCTCT7 CCAGCAAAGC TGCCCGACAG 1440 

GCCTGGXGTT CAGCAACTCC TCGAAATGCT GCACCTGGAA TWAGTCSTA AAGCCCCTCC ISOO 

AGTCCAGCTT TGAXSGCTGGG CCCACGATCA CTCtACAGCC TGCCTCCTGG GTTrrCCTGG 1560 

GGGCCSCAAT CTGGCTCCTC CACSCCITTC TGTG5TCTTC CTTTATCCAG GCTTTCTGCr 1620 

CTCAGccrrG ccrrccrrTT ttctcggtct cctgggctgc ccctttcact tgcaaaataa leso 

ATCTTTGGrr tCTCCCCCTC AAAAAAAAAA AAA 1713 

(2) nVFORKATION FOK BZQ IS KO: 6: 

(1) SEQUOrCS CHABACtSaSTlCS: 

(A) LZMGXH: 387 amino acids 
(8) TV?E: a&lno acid 

(C) STRANDEDHESS : unicnovn 

(D) TQPOtOGY: unicnom 

(ii) MQLECOLS TYPE: prorain 
(iii) HYPOTHETXCAL; NO 



(xi) SEQUENCE DESCrilPTION: SSQ ID KO: 61 

Met Val Arg Ser val Ala Trp Ala Gly Pna Met Val Leu Leu Met He 
IS 10 15 

Pre Trp Glv Ser Ala Ala Lvs Lau Val cys Tyr Pho Thr Asn Tra Ala 
'20 '25 30 

Gin Tyr Arg Cln Gly Glu Ala Arg Phe Lau Pro Lys Asp Iam Asp Pro 
35 40 45 

Ser Leu Cys Thr His Leu He Tyr Ala Phe Ala Gly Met Thr Aan His 

50 " 55 60 
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Gin LAu Ser Thr Ttxr Glu Trp Asn Asp Gin Tnr Lau Tyr cin Glu Pha 
65 70 75 80 

hsn Leu Lys Lys Ke^ Asn Pro Lys Leu Lys Ttir Leu Lau Ala Ilo 
85 90 95 

Gly Gly Tra Asn Phe Gly Thr Gin Lys Phe Thr J^p Mqtl Val Ala Thr 
100 105 no 

Ala Asn Asn Ar? Gin Thr Phe val Asn Ser Ala lie Ar? Phe Leu Azrg 
lis 120 125 

Lys Tyr Ser Phe Asn Gly Leu Asp Leu Asp Trp Glu Tyr Pro Gly Ser 
130 13S 140 

Gin Gly Ser Pro Ala Val Asp Lys Glu Xrq Phe Thr ^Qir Leu val cin 

145 150 155 160 

Aso Leu Ala Asn Ala Phe Gin Gin Glu Ala Gin Thr Ser Gly Lys Glu 
155 170 175 

Arg Leu Leu Leu Ser Ala Ala Val Pro Ala Gly Gin Thr Tyr Val Aso 
180 185 190 

Ala 61y tyr Glu Val Aso Lys He Ala Gin Asn Leu Asp Phe Val Asn 
195 ' 200 205 

Leu Mer Ala Tyr Asn Phe His Gly Ser Trp Glu Lys Val Thr Gly His 
210 ' 215 220 

Asn ser Pro Leu Tyr Lys Arg Gin Glu Glu ser Gly Ala Ala Ala Ser 
225 230 235 240 

Leu Asn val Aso Ala Ala Val Gin Gin Trp Leu Gin Lys Gly Thr Pro 
245 250 253 

Ala Ser Lys Leu lie Lau Gly Met Pro Thr Tyr Gly Arg Ser Phe Thr 
260 263 270 

Lau Ala Ser Ser Ser Asp Thr Arg Val Gly Ala Pro Ala Thr Gly Ser 
275 280 285 

Gly Thr Pro Gly Pro Pha Thr Lys Glu Gly Gly Met Leu Ala Tyr Tyr 
290 295 300 

Glu Val Cvs Ser Trp Lys Gly Ala Thr Lys Gin Arg He Gin As? Gin 
305 ■ 310 215 320 

Lvs Val Pro Tvr He Phe Arg Aso Asn Gin Trp Val Gly ?he Asp Asp 

325 330 335 

Val Glu Ser Phe Lys Thr Lys Val Ser Tyr Leu Lys Gin Lys Gly Leu 

340 345 350 

Gly Glv Ala Met Val Trp Ala Leu Asp Leu Asp Asp Phe Ala Gly Phe 
' 353 360 365 

Ser Cva Asn Gin Gly Arg Tyr Pro Leu rie Gin Thr Leu Arg Gin Glu 
370 375 280 
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Leu Asn Gly 
2BS 

; m 

(2) rKFORMACTCm FOR SEQ ID KO: 7: 

(i) SZOnCKCS CH&BACTSR2STXCS: 

(A) LSHGTH: 11 amino acids 

(B) T!rFS: amino acid 

(C) STBAKOSDNESS: unXnovn 

(D) TOFOLOCY: unicnown 

Cii) MOLECOLE TYPE: procein 
(iii) EyPOCTETICAL: NO 



(Xi) SEQUENCE DESaCDPTlOM: SEQ ID MO : 7: 

PhA Aiip Gly I-au A«« L«u A«p Trp Clu Tyr Pro 

15' 10 

(2) lUrbRMATION FOR SEQ ID KO! Bt 

(i) SEQUEKCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 
(Bl TYPE: amino acid 
(C) STRAOTEDNESSr untoown 
(0) TOPOLOGY: unlcnovn 

(ii) MOLECtTLE TYPE: protiflln 

(iiil HYPOTHETICAL: KO 



PCT/NL96y00225 



(xi) SEQtJEKCE DESGOPTIOK: SEQ ID KO: 8: 

Pne Aso Gly Val Aso He Aso trp Glu Phe Pro 

1 " 5 ' ' XO 

C2) INFQRKATION FOR SEQ ID KO: 9: 

(1) SEQUENCE CHARACTStZSTICS: 
* (A) LEKGTH: 11 amino acids 

(B) TYPE; amino acid 

(C) STRAKDEDKESS: unicnown 
(0) TOPOLOGY: unicnown 

(ii) KOLEOJLE TYPE: protein 

(lii) HYPOTHETICAL: KO 



(xi) SEQCEKCS DESCRIPTIOK: SEQ ID KO: 9: 
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Plie As« GLy Ptia Asia Lou Asp Trp Glu Tyr Pro 

1 ^ 5 ' 10 

(2) XN7ORK2Cn0H fOH S£Q ZD KOi 10: 

(1) szQUErrcE ca&BACxaxsrxcs: 

(A) LQICTR: LI aaixte acids 

(B) TYFSi a&ino ACid 

(C) STRANDEZ»E5S: unknown 

(D) TOPOUCY: unknown 

(1±) KOIpfiCOrS T!fPH2 protialn 
(iii) HYPOTOEnCU.: NO 



(Xi) SE Q OZ WCS OESaOPTZONf S£Q ID NOs 10: 

Phe Asp Gly Leu Asp Leu Phe Phe Lau Tyr Pro 
15 10 

(2) INFORHATIOK FOR SEQ ID NO: 11: 

(i) SEQUENCE CaARACTSCXSTXCS: 

(A) LENGTH: 11 ai&ino acids 

(B) TYPE: amino add 

(C) STSAMDEDKESS; unknown 

(D) TOPOLOGY: unknown 

(ii) MOL2C0L2 TYPE: protein 
(iii) BY70THETXCAL: NO 



(Xi) SEQUOCCE DESC21IPTX0N: SEQ ID NOt 11: 

?ha Asp Gly Leu Aso Leu Ala Trp Lau Tyr Pro 

1 5 " .10 

(2) IKFOHHATION FOR SEQ ID NO: 12: 

(i) SEQUENCE dXRACTERISTICS: 

(A) LENGTH: 11 aiBino acids 

(B) TYPE: amino acid 

(C) ST2(ANDEDK£55: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLSCULS TYPE: protein 
(iii) HYPOTHETlCALl NO 



(xi) gg qU E NC S DESCRXPTXQN: SEQ ID NO: 12: 
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Phe Asp Cly L«u Asn Leu Ass trp Gin Tyr Pro 
15 10 

'(2) HTFORKATIOK for S3Q ID wo: 135 

(i) sTQUEHCs ca^sAcrsRzsncs: 

(A) mrCIB: U aaino acids 

(B) T!rFS: anino acid 

(C) S7SANDEDIIESS: unJaiown 

(D) TOPQU0G7: unioxown 

(ii) MOIXcntS TXPSs prorein 
(iiil HXPQTKETICM.: W 



(Xi) SEQtJENCS DESCRIPTIOKS SZQ ID KOl 13: 
Phe Asp Gly rie Asp lie Asp Trp Gla Tyr Pro 

L 5 10 

C2) lOTORMATIOK FOR SEQ ID MO: 14: 

(i) 5£QU£KCS CKABACmCCSnCS: 
(A) LZHGTH: U amino acids 
(8) Ty?E: anino acid 

(C) STRAHDEDMESS: unJcnown 

(D) TOPOLOGY: unJcno%m 

(ii) M0I.SCDL2 TYPE: protein 
(lii) HYPOTHETICAI.: NO 
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(^) SEQXmrCZ DESCStlPTXOH: SZQ ID NO: L4: 

Phs ASI5 Gly Ila Asp Val Asp Trp Glu Tyr Pro 

1 ■ 5 10 

(2) tNFORMATIOK FOR SEQ ID NO: IS: 

(1) SEQUENCE CHARACTSUSTICS : 

(A) LZKGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRAHDEDMESS : unJcnovn 

(D) TOFOtoGY: unknown 

(11) KOLECDIZ TYPE: proticin 
(ill) KYPOTHETXCALl KO 



(xi) SEQDEHCS OESOIPTION! SEQ ID MO: 15 i 
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Pb« Asp Gl/ Val Asp Lau Asp Ttp Glu tyr Pro 



(1) SEOOEHOS CSABACTSEXSTICS: 
(A) Lmcra: U amino adds 
(B} TYPE: aaino acid 

(C) STRAKOCORESS: unJenovn 

(D) TOPOLOGY: unicnown 

(ii) HOLSCQLZ TYPE: protieiji 
(iii.) ECYPOTHZTZCAL: NO 



(Xi) SEOUEirCE DESCTTPTXOK; SEQ ZD RQ: 16: 

Phe Bis Gly Lau Asp Lau Asp Trp Glu Tyr Pro 
15 10 



1 



S 



10 



(Zl DTFOBKATZOM FOR SEQ ID NOt 16: 
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CLXZMS 



1. A substantially isolated or purified diitinase, said 
chitiaase being a Human cbitinase having an amino acid sequence 
eaaentially corresponding to the amino acid sequence shown in 
fig. 1 or the amino acid sequence shown in fig. 2, or being a 

S modified form of said human chltinaae having a "substantially 
similar chitin-hydrolyring activity. 

2. The chitinaae of claim I, produced by a genetically 
engineered host cell and isolated from said host ceil or medium 
in which said host ceil is cultured, wherein the amino acid 

10 sequence of the enzyme is encoded by a nucleotide sequence 

essentially corresponding to the nucleotide sequence shown in 
fig. 1 or the nucleotide sequence shown in fig. 2, 

3. The chitinase of claim 1 having an amino acid sequence 
essentially corresponding to the amino acid sequence shown in 

15 fig. 1 and having a molecular weight of about SO )cOa. 

4 . The chitinase of claim 1 having an amino acid sequence 
essentially corresponding co the amino acid sequence shown in 
fig. 2 and having a molecular weight of about 39 IcDa. 
J. A pharmaceutical composition comprising the chitinase of 

20 any cne of the claims 1 to 4 and a pharmaceutically accspcable 
carrier or diluent. 

6. A pharmaceutical composition for therapeutic or 
prophylactic treatment of a human individual against infection 
by a chitln-containing pathogen, comprising a therapeutically or 

25 prophylactically effective amount of the chitinase of any one of 
the claims 1 to 4 and a pharmaceutically acceptable carrier or 
diluent . 

7. The pharmaceutical composition of claim 6, which further 
comprises a therapeutically or prophylactically effective amount 

30 of a human p-1, 3-glucanase. 

8. A non-pharmaceutical composition con^rising the chitinase 
of any one of the' claims 1 to 4 and a carrier or diluent. 

9. The composition of claim 8, which is a medium for culturing 
cells. 
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10. nie composition of clala 6, which is a medium for culturing 
human cells. 

11. The composition of claim B, which is a cosmetic (e.g. body 
lotion), dental (e.g. tooth paste, mouth rinse) or food product 

5 (e.g. milk, cheese and other dairy products) . 

12. A chitin-based article of manufacture comprising a chitin- 
hydrolyzing amount of the chitinase of any one of the claims 1 
to 4. 

13. The chitin-based article of manufacture of claim 12 # which 
10 is a drug-containing drug carrier or implant for controlled drug 

release. 

14 ► The chitin-based article of manufacture of claim 12, which 
is a transient functional implant > 

15. A method of therapeutic or prophylactic treatment of a 
15 human individual against infection by a chit in-containing 

pathogen, cos^rising administering to said human individual the 
pharmaceutical composition of any one of the claims S to 7. 
IS. A process for preparing a human chitinase having an amino 
acid sequence essentially corresponding to the amino acid 
20 sequence shown in fi?. 1 or the amino acid sequence shown in 
fig. 2, or a modified form of said human chitinase having a 
substantially similar chit in-hydroly zing activity, comprising 
growing a genetically engineered host or host cell capable of 
producing said hinnan chitinase cr modified form thereof and 
25 isolating the chitinase produced from said host or host cell or 
from medium in which said host cell is cultured. 

17. The process of claim 16, wherein the amino acid sequence of 
said chitinase is encoded by a nucleotide sequence essentially 
corresponding to the nucleotide sequence shown in fig. 1 or the 

30 nucleotide sequence shown in fig. 2. 

18. A genetically engineered host cell capable of producing a 
human chitinase having an amino acid sequence essentially corre- 
sponding to the amino acid sequence shorn in fig. 1 or the amino 
acid sequence shown in fig. 2, or a modified form of said human 

35 chitinase having a substantially similar chitin-hydrolyzinc 
activity. 

19. A recombinant nucleic acid comprising a nucleotide sequence 
encoding, or complementary to a nucleotide sequence encoding, an 
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amino acid sequence essentially corresponding to the amino acid 
sequence abo»m in fig. 1 or the amino acid sequence shown in 
fig. 2. 

20. The recQiiiJinant: nucleic acid of claim 19, wherein said 

5 nucleotide sequence essentially corresponds to, or essentially 
is complementary to, the nucleotide sequence shown in fig. 1 or 
the nucleotide sequence shown in fig. 2. 

21. An oligonucleotide of at least about 8 nucleotides having a 
nucleotide sequence corresponding to, or complefcencary to, a 

10 nucleotide sequence shown in fig. 1 or a nucleotide sequence 
shown in fig. 2 and being capable of binding by hybridisation 
under stringent hybridisation conditions to nucleic acid coding 
for the human chitinase of any one of the claims 1 to 4. 

22. A peptide of at least about 8 amino acid residues having an 
15 amino acid sequence derived from the amino acid sequence shown 

in fig. 1 or the amino acid sequence shown in fig. 2 and 
representing or mimicking an epitope of the human chitinase of 
any one of the claims 1 to 4 . 

23. The peptide of claim 22 having an amino acid sequence 

20 corresponding to an amino acid sequence shown in fig. I or an 
amino acid sequence shown in fig. 2 and having antigenicity. 

24. An antibody capable of binding to t.*xe human chitinase of 
any one of the claims 1 to 4. 

25. The antibody of claim 24, which is a monoclonal antibody. 
25 26. A diagnostic kit comprising the antibody of claim 24 or 25 

and a conventional component of diagnostic kits for detecting an 
antigen or an antibody. 

27. A diagnostic kit comprising the peptide of claim 22 or 23 
and a conventional component of diagnostic kits for detecting an 

30 antigen or an antibody. 

28. A diagnostic kit comprising the oligonucleotide of claim 21 
and a conventional component of diagnostic kits for detecting a 
nucleic acid. 

29. A diagnostic kit comprising the recombinant nucleic acid of 
35 claim 19 or 20 and a conventional component of diagnostic kits 

for detecting a nucleic acid. 
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30. A diagnostic kit comprising the human chitinase of any one 
of the claims 1 to 4 and a conventional component of diagnostic 
kits for detecting an antigen or an antibody. 

31. A method of decomposing ehitin eompcising contacting said 
chitin with the human chitinase of any one of the claims 1 co-4 
under chitin-hydrolyzing conditions. 
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AAT CCC AAA CTC AAO ACC CTC TTA 
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351 V W A l 0 t » P ^ * 
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- _ T iw ACT era cTT cac ere TAC crc 12 <2 
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